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DISODIUM PHOSPHATE AS A CATALYST FOR THE 
QUANTITATIVE OXIDATION OF GLUCOSE TO 
CARBON DIOXIDE WITH HYDROGEN 
PEROXIDE. 


By EDGAR J. WITZEMANN. 


(From the Otho S. A. Sprague Memorial Institute, Rush Medical College, 
Chicago.) 


(Received for publication, July 13, 1920.) 


The experiments described in this paper represent a confirma- 
tion and extension of part of Léb’s observations on the influence of 
phosphates on oxidative glycolysis. By the experiments herein 
described it is proved that disodium phosphate catalyzes the quan- 
titative oxidation of glucose to carbon dioxide by hydrogen per- 
oxide. Additional experiments on the influence of the carbona‘ 
of sodium and other compounds are included and a partial inter- 
pretation of the results is offered. 

Previous experiments on the influence of phosphates on the oxi- 
dation of butyric acid! with hydrogen peroxide were being extended 
by further experiments when it was realized that if the results of 
Léb and his coworkers,?:? on the influence of phosphates on 
glucose oxidation with peroxide, could be demonstrated by an 
adequate method the results would help clarify the influence 
of phosphates on butyric acid oxidation and have considerable 
interest in other ways. The results of some earlier work on the 
oxidation of glucose* indicated that probably the amount of 
oxidation observed by L6éb could be exactly determined by the 
method suggested by those data. This was confirmed. 


1 Witzemann, E. J., J. Biol. Chem., 1918, xxxv, 83. 

2 Lob, W., and Pulvermacher, G., Biochem. Z., 1910, xxix, 316. L6b, 
W., and Gutmann, S., Biochem Z., 1912, xlvi, 288. Beysel, W., and Lob, 
W., Biochem. Z., 1915, xviii, 368. 

3 Lob, W., Biochem. Z., 1911, xxxii, 43. 

4Witzemann, E. J., J. Am. Chem. Soc., 1916, xxxviii, 150. 
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2 Oxidation of Glucose 


The statements under consideration as given in Léb’s sum- 
mary® are quite definite and are in part as follows: 


**(1) In salt-free sugar solutions hydrogen peroxide produces only a 
vanishingly small amount of oxidative glycolysis. 

(2) The glycolysis is Seana increased by raising the hydroxyl ion 
concentration. 

(3) With the small OH ion concentrations in solutions having the 
alkalinity of blood, which is only slightly different from that of water, 
glycolysis is very slight if it is not accelerated by phosphates. 

(4) The phosphate ions accelerate the glycolysis by the OH ions; the 
most favorable OH ion concentration within the limits tested lies at pH 
8.302 to 7.070. At pH < about 5.600 there is no longer a perceptible 
OH ion effect exceeding that of pure water, even in the presence of phos- 
phate ions. ; 

(5) The acceleration of the glycolysis increases with constant OH ion 
concentration. with increase in the absolute amount of phosphate 
added.”’ 


An examination of the experimental data, however, leaves one 
in doubt as to whether Lob really measured the oxidative glycoly- 
sis. In fact Michaelis and Rona® were not convinced by Léb’s 
data and interpreted his observations differently. Obviously his 
determination of optical rotation and the reduction of Fehling 
solution by the glucose solutions before and after oxidation was 
not a determination of the absolute amount of oxidation. Conse- 
quently the term “oxidative glycolysis,” which he uses to describe 
these phenomena, might include two processes. 

(a) Destruction of glucose by oxidation at the expense of oxy- 
gen from the hydrogen peroxide used. This is what Lob meant. 

(b) Destruction of glucose by intramolecular rearrangement 
under the influence of alkali.. This kind of chemical change is 
what Michaelis and Rona appear to think Lob really saw at least 
in part. 

If a neutral phosphate system such as Lob used, which is known 
to be a constituent of many living organisms, has any consider- 
able effect upon oxidation the scope and nature of the effects 
should be known. The possible importance of such facts biologi- 
cally for instance, when considered in relation to the well known 
indispensible relationships between phosphates and much normal 
cellular oxidation, is too obvious to require further comment. 


5 Michaelis, L., and Rona, P., Biochem. Z., 1912, xlvii, 447. 
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The data described in this paper are sufficiently definite to give a 
new interest to the many facts already in hand in this field and to 
serve as a definite point of reference in the further study of these 
questions. 

The results described here have a general interest in another 
way also. In the interpretation of the action of alkaline sub- 
stances on sugar's'two points of view are recognized. According 
to the one the known effects of alkaline substances on sugars are 
due essentially to the hydroxylions. The other older view recog- 
nizes that the undissociated molecules and other ions may also 
aid or produce other effects than those of the so called hydroxyl 
ion effects. Without reviewing this problem any further in this 
paper it may simply be stated that the data herein presented offer 
varied and interesting support for the latter view. 


EXPERIMENTAL. 


Considering the importance of L6b’s claims from several points 
of view it seemed highly important to determine accurately how 
much oxidation actually took place in his experiments with phos- 
phates. This, it was thought, could be done, by applying the 
results of the author’s previous study of the complete oxidation 
of glucose with potassium permanganate‘ to the analysis of the 
results obtained by L6b’s experiments. 

1. Methods of Analysis ——Previous experiments on the oxida- 
tion of glucose showed that in alkaline solution it is quantitatively 
oxidized to carbon dioxide and oxalic acid with potassium per- 
manganate. The oxalic acid in turn is quantitatively oxidized to 
carbon dioxide by permanganate in sulfuric acid solutions. The 
plan was therefore as follows: 

1. Oxidize glucose with hydrogen peroxide in the presence of 
phosphates just as Lob did. : 

2. After the expiration of the proper time interval add excess 
manganese dioxide to decompose unchanged hydrogen peroxide. 

3. After decomposition is complete filter off the manganese 
dioxide, washing the filter and the original flask thoroughly. 

4, Add excess sodium hydroxide solution. 

5. Add an accurately known amount but excess of a strong 
accurately standardized solution of potassium permanganate 
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(about 3 gm. per 100 cc.). Heat this mixture to boiling and set 
aside over night after covering the top of the hot flask. 

6. Add excess concentrated sulfuric acid. 

7. Add an accurately known amount but excess of an accurately 
standardized solution (about 6 gm. per 100 cc.) of oxalic acid. 

8. Dilute the clear colorless solution to a convenient definite 
volume and using an aliquot portion titrate back the excess oxalic 
acid with dilute potassium permanganate solution (0.1 Nn). 

9. Calculate the total permanganate required for complete oxi- 
dation of the solution in No. 8, add the permanganate added in 
the beginning, and substract the permanganate equivalent of the 
oxalic acid used. The result is the amount of permanganate uti- 
lized by the glucose or other incompletely oxidized compounds 
present and may easily be calculated to its glucose equivalent. 

In order to test the accuracy of the above method a solution of 
pure glucose containing 10 gm. per liter was prepared. 20 ce. of 
this solution, containing 0.200 gm. of glucose, 15 cc. of 35 per cent 
sodium hydroxide solution, and 75 ec. (= 2.028 gm.) of potassium 
permanganate solution were heated to boiling. After standing 
over night excess concentrated sulfuric acid was added and then 
50 cc. (= 1.519 gm. of KMn0O,) of an oxalic acid solution. This 
colorless solution was diluted to 500 cc. in a graduated flask. 25 
ec. portions were titrated back with 0.0996 N potassium perman- 
ganate. 5.70 cc. were required. 5.70 X 20 X 0.003146 = 0.359 
gm. of KMn0O, required for the excess oxalic acid that was added. 


2.028 gm. KMnO, originally added. 
0.359 “ KMn0O, required for excess oxalic acid. 


2.387 “ KMn0O, used (total). 
1.519 “ KMn0, equivalent of oxalic acid added. 


0.868 “ KMn0O; reduced by the glucose. 


Since 2.40 molecules of KMnO, are required to oxidize 1 mole- 
cule of glucose to carbon dioxide the equation 


758.4:180 = 0.868: 2x 
x = 0.206 gm. glucose 


gives the amount of glucose originally present. 
Another oxidation made at the same time gave 0.198 gm. of 
glucose. 
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These were the results obtained with the first pair of oxidations 
tried and give fairly the maximum analytical error as demonstrated 
by subsequent experience. The results show that the method will 
be satisfactory provided the amount of oxidation observed exceeds 
the experimental error of 2 or 3 per cent.® 


Experiments with the Phosphates of Sodium. 


2. Repetition of Léb’s Experiments——Having established the 
fact that it is possible to determine glucose quantitatively in the 
proposed way the author repeated and analyzed by the method 
described above a number of the experiments carried out by Lob. 

In Table I the results obtained in five oxidations carried out at 
room temperature for just 1 week are given. The results are 
calculated as though the oxygen required by the unoxidized com- 
_ pounds in the solution was all consumed by unchanged glucose. 
This is almost certainly not entirely true but since the incom- 
pletely oxidized compounds are possibly a complex mixture, 
difficult to analyze,’ it seemed permissible and correct for the pur- 
poses of comparison to calculate the permanganate consumed to 
glucose. The results show that the influence of the phosphates 


6 A similar method was developed by Greifenhagen and coworkers 
(Greifenhagen, W., Konig, J., and Scholl, A., Biochem. Z., 1911, xxxv, 
169), and was found sufficiently accurate in use by Levene and Meyer 
(Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1912, xii, 265). These 
results were discovered after the completion of my own work. 

7 On the basis of Lob’s earlier work (Lob, W., Biochem. Z., 1908, xii, 78, 
466; 1909, xvii, 132. Lob, W., and Pulvermacher, G., Biochem. Z., 1909, 
xvii, 343. Lob, W., Biochem. Z., 1909, xx, 516; xxii, 103; 1910, xxiii, 10; 
xxvi, 231), but specifically on the basis of a later statement (L6b, W., 
Biochem. Z., 1915, |xviii, 368) it might be concluded that the incompletely 
oxidized compounds are formic and polyhydroxy acids arising from formal- 
dehyde and pentoses. Tests on solutions from complete oxidations known 
to reduce permanganate equivalent to 0.02 to 0.04 gm. glucose in 75 ce. 
gave distinct tests for sugar with Haines’ or Fehling’s solution. Since 
this is near the limits of sensitiveness of these reagents, it appears that no 
large proportion of intermediate oxidation products (between hexose 
and CO,) can be present. This 4ppears to conform with the observations 
of Smolka (Smolka, A., Sitzwngsb. Math. Natur. Akad. Wiss., 1887, xev, pt. 
ii, 5) on the oxidation of glucose with insufficient neutral permanganate, 
who recovered only final oxidation products (HCO:H, H.C.O.4, and COz) 
and the calculated amount of unchanged glucose. 
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is progressively greater with increasing concentration, but that it 
is not a linear function of the concentration since the relative 
acceleration diminishes with increasing phosphate concentration. 

The results in Table II were obtained under exactly the same 
conditions as those in Table I except that the solutions were kept 
98 hours (4 days, 2 hours) in an incubator at 37°C. 


TABLE I. 


Glucose + HO. + Phosphates at Room Temperature. 
20 cc. glucose solution (0.200 gm.) + 20 ec. 3 per cent H2O: in total volume 


of 75 cc. 
No. | yatiPos. | NadkPO.. | Hs | Reaction. | ,Govered. | oxidised. 
cc cc cc pH gm per cent 
1 0.0 0.0 35 7.07 0.2006 0.00 
Z 1.6 0.4 33 7.847 0.1863 6.85 
3 6.4 16 27 7.347 0.1210 39.50 
4 16.0 4.0 15 7.347 0.0658 67.10 
5 25.6 6.4 3 7.347 0.0442 77.90 
TABLE II. 


Glucose + H20, + Phosphates at 37°. 
20 cc. glucose solution (0.200 gm.) + 20 ce. 3 per cent HO: in total volume 


of 75 ce. 

No. | iitay, | nf#eh,. | m0 | Resotion. | Glnaoes | Giese 

ce. ce. Cee pH gm. per cent 
1 0.0 0.0 35 7.07 0.186 6.50 
2 1.6 0.4 33 7.347 0.1163 41.85 
3 6.4 1.6 2 7.3847 0.019 90 .50* 
4 16.0 4.0 15 7.847 0.034 83 .00 
5 25.6 6.4 33 7.847 0.035 82.50 


*In the experiments at 37° it was generally observed that oxidation 
was less complete in No. 5 than in Nos. 3 or 4. Special experiments to 
interpret this apparent anomaly have not been done but the effect appears 
to be due to the fact that the velocity of oxygen activation by the 
Na2,HPO, is greater than the velocity offoxygen consumption and conse- 
quently the excess active oxygen is lost as such from the reaction mix- 
ture. This interpretation is so far supported by facts given in this paper 
and by others not mentioned. 
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3. Fate of the Glucose——The results given above prove quite 
conclusively that the glucose is oxidized. Of the large number 
of compounds into which it could conceivably be converted with- 
out oxidation only a small number are not completely oxidizable 
to carbon dioxide by permanganate in acid or alkaline solution. 
Nevertheless it seemed necessary to demonstrate actually that 
carbon dioxide was an important product of this oxidation. 

All the experiments on carbon dioxide recovery were done with 
mixtures corresponding to No. 5in Tables I and II. In determin- 
ing the CO, the oxidation mixture was placed in a round bottom 
flask attached to a reflux condenser and arranged so that CO,-free 
air could be bubbled through the mixture and then passed through 
wash bottles containing clear barium hydroxide solution.’ On 
warming the flask nearly all the CO, was driven over. Excess 
dilute sulfuric acid was finally added and the mixture heated to 
boiling. 

A. 75 cc. of such a solution, which had been kept in the incu- 
bator until all peroxide was gone and in which oxidation was 
nearly complete, gave in the CO, apparatus 0.13 gm. of barium 
carbonate or about 10 per cent of the calculated COs, yield. The 
rest of the CO, had been lost into the air. 

B. 75 ce. of such a solution after 10 days at room temperature 
gave 0.69 gm. of BaCOs;, equivalent to 0.154 gm. of COs» or a 52.6 
per cent yield of COs. The solution, to which excess sulfuric acid 
had been added while in the CO, apparatus, was alkalinized with 
sodium hydroxide, treated with MnO, to remove unchanged perox- 
ide, filtered, and treated as usual with permanganate. The per- 
manganate consumed was equivalent to 0.0749 gm. of glucose or 
37.5 per cent recovered. 52.6 + 37.5 = 90.1 per cent of the 
0.200 gm. of glucose used recovered in this way. 

Results similar to this were obtained under the same werditiong 
a number of times. 


8 Tt was not until the experiments described above had been completed 
that it was suspected that oxidation to CO, was nearly quantitative. L6éb 
expressed the opinion that formic and polyhydroxy acids are the main 
products and there was no reason to doubt this until the small amount of 
permanganate required to complete the oxidation suggested that the oxi- 
dation might already be largely completed to CO:. 

9 Evans, W. L., and Witzemann, E. J., J. Am. Chem. Soc., 1912, xxxiv, 
1086. 
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C. In order to obtain a more complete conversion into CO, 
and a good recovery the oxidation was set up in the incubator. 
Two strong round bottom 300 ce. flasks, one of which contained 
barium hydroxide solution and the other the glucose oxidation 
mixture, were connected by a glass tube having two right angle 
bends in rubber stoppers. The stoppers were wired in and then 
covered over with molten paraffin. The whole was placed in the 
incubator at 37°C. and agitated a few moments every day for a 
week. It was then taken out. and allowed to stand at room tem- 
perature several days with occasional agitation. The oxidation 
mixture gave 0.28 gm. of BaCO; in the COs apparatus. The 
attached Ba(OH). flask gave 0.83 gm. of BaCO3. This corre- 
sponds to 0.2474 gm. of COz altogether or an 84.4 per cent yield of 
CO. The oxidation mixture treated as in (B) reduced perman- 
ganate equivalent to 0.0195 gm. of glucose or 9.8 per cent of the 
glucose used. 84.4 + 9.8 = 94.2 per cent of the glucose recovered 
in this way. 

On the basis of these results there can be no doubt that the glu- 
cose unaccounted for by the permanganate consumed is really 
oxidized to COs. 

In developing the above proof that practically quantitative oxi- 
dation to COs» is obtained several other facts were observed. 

1. The carbon dioxide formed is freely and easily lost from the ° 
solution during the oxidation even at the room temperature. In 
this the oxidation resembles vital oxidation in. which the carbon 
dioxide is spontaneously lost during respiration. As much as two- 

thirds or more of the carbon dioxide obtained is evolved and ab- 
sorbed by barium hydroxide in a closed apparatus at 37°C. 

Ordinary alkaline oxidation systems, although they undergo 
changes in many ways similar to those occurring in living organ- 
isms, differ in that the CO. formed is bound and held in the system 
as carbonate or bicarbonate. This easy formation and loss of 
CO, is probably the most important physical characteristic of a 
vital oxidation system. It is not yet certain to what extent the 
phosphate systems can carry out the other functions belonging to 
alkaline systems, that are so important in the non-oxidative trans- 
formations of sugar in organisms, but indications are not lacking 
that they can also aid in some of these changes under suitable 
conditions. 
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2. The solutions in which all hydrogen peroxide had disappeared 
and which contained material oxidizable by permanganate equiv- 
alent to only 0.02 to 0.04 gm. of glucose in 75 ce. (7.e., 0.027 to 
0.053 per cent) reduced Fehling solution distinctly. Since this is 
close to the limits of sensitiveness of this test with pure glucose it 
is clear that most of the glucose attacked had been completely 
burned to carbon dioxide, and that no appreciable quantity of 
intermediate products such as polyhydroxy acids could be present. 

4. Influence of Additional Glucose and Peroxide.—On the basis 
of the results in the preceding section it was of considerable inter- 
est to know whether the same phosphate mixture would repeat- 
edly catalyze the oxidation of glucose. In other words whether 
the products of the reaction in any way ‘‘poison’’ the catalyst. 
If COz is the sole final product and if it is evolved as was shown 
above, the phosphate mixture should serve repeatedly in this oxi- 
dation just as it is known to do in the fermentation of. glucose.’ 

Experiment 5, Table II, was set up in the incubator. After 3 
days it was free from peroxide. 0.20 gm. of glucose and 20 ce. of 
3 per cent peroxide were again added. After 1 week in the incu- 
bator the peroxide had again disappeared. The same materials 
were again added. After another week this was repeated. On 
determining the permanganate consumed in the usual way it was 
found to correspond to 0.0831 gm. of glucose. Since 0.80 gm. of 
glucose had been used this corresponds to 10.4 per cent of the 
glucose used, which is about what is recovered from a single 
experiment of this kind. 

These results show that the functional activity of the disodium 
phosphate is not impaired in the catalysis. Since this does not 
occur it is clear that the disodium salt is not changed into mono- 
sodium phosphate by the carbonic acid, nor any other acid inter- 
mediate oxidation product, to any marked extent. If sodium bi- 
carbonate were formed in this way the oxidation would be retarded 
or stopped in the typical way in which this compound acts (cf. 
Section 7). 


10 Harden, A., and Young, W. J., J. Chem. Soc., 1905, xxi, 189; Proc. 
Roy. Soc. London, Series B, 1906, Ixxvii, 405; 1908, Ixxx, 299; 1909, Ixxxi, 
336. Young, W. J., Proc. Roy. Soc. London, Series B, 1909, 1xxxi, 529. 
Harden, A., and Young, W. J., Biochem. Z., 1911, xxxii, 173. Young, 
W. J., Biochem. Z., 1911, xxxii, 177. 
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5. Influence of Changing the Ratio of the Phosphates.—The results 
in Table III constitute a repetition of part of Léb’s experiments 
(Table XI)? on the influence of a change in the ratio of the two 
phosphates. All the experiments were set up in 250 cc. Florence 
flasks and kept in the incubator for 45 hours before analyzing. 


TABLE III. 


25 ec. (0.25 gm.) glucose + 25 cc. H.O2 + 20°cc. salt solution + 5 ce. 
water at 37°. 


0.33 HO Reactant Glucose Glucose 


No 033m | | luc 
; NazHPOs. NaHePOs. recovered. oxidized. 
ce. ce. | ce. pH gm. per cent 
1 0 0 25 7.07 0.2407 3.0 
2 16 4 5 7.347 0.1992 20.3 
3 10 10 5 6.813 0.2068 17.3 
4 4 16 5 6.239 0.2316 | 7.4 
5 2 18 5 5.910 0.2342 6.3 


TABLE IV.* 
20 cc. glucose (0.200 gm.) + 20 cc. 3 per cent H2O, at 37° for 10 days. 


Glucose 


+ 0.33 2 0.33 Gl 
No. Na: HPOs. NaHsPOu. H20 one aetah mater 
ce. ce. ce. gm. gm. 
1 25.6 6.4 59 0.0242 0.0387 
2 25.6 32.0 34 0.0180 0.0271 
3 25.6 64.0 Z 0.0166 


* All the experiments in this table have a total volume of 131 cc. The 
reaction of No. 1 is distinctly alkaline to litmus paper while that of No. 
3 is distinctly acid. Accordingly pH passes from a point on the alkaline 
side (about 7.347) to a point decidedly on the opposite or acid side of 
neutrality. 


The results show a diminishing velocity of glucose oxidation as 
the ratio of monosodium phosphate used increases or as the ratio 
of disodium phosphate decreases. 

From these experiments alone it might be concluded that the 
OH ion is significant in this oxidation but results given in the ~ 
next paragraph do not confirm this idea. 

When the ratio of the two phosphates is changed by changing 
the amount of monosodium phosphate but keeping the disodium 
phosphate constant in amount different results are obtained. 
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The results in Table IV show that in the presence of a constant 
amount of disodium phosphate increasing amounts of monoso- 
dium phosphate do not retard the oxidation of glucose. In fact 
the presence of the monosodium phosphate seems to facilitate the 
completion of the glucose oxidation in spite of the fact that rela- 
tively No. 3 is comparable with No. 4in Table III as far as the 
proportion of the two phosphates is concerned. Exactly the same 
result was obtained with Nos. 1 and 2 when they were allowed 
to react only 2 days. No velocity experiments have been made 
to determine whether the excess NaH2PO, retards the oxidation 
as it does the evolution of O» from H2O, but the results as given 
indicate that it does not. 

It seems clear that if L6b had done these experiments, as well 
as some others described below, he would have found it impossible 
to ascribe so much influence to the OH ions in this catalysis, as he 
did. 

6. Influence of Time on the Oxidation.—In order to follow the 
glucose oxidation from day to day a large experiment containing 


TABLE V. 
Glucose. 
gm. 
Ati beginning contained: js fee Kes + i. .6s «5 <table otal ee 0.200 

(C2 a OZ) a Oo eS Ec ee ae 0.1869 
Co aR teats) ARRON os = EER ep 0.1611 
teysn*: oe ee ple, WEEE 6.5 655,85 5.0-0- wa. Crepe eee cae 0.1551* 
Gye" Dons RR eM ih on ABN nese 0.1212 
(oe ee i2o” * SEITE) OME Oh: 5 ON eee 0.1173* 
ie 7 168 « * £10 ugha Siars Dele dha ad 6c Ree rere 0 ,0823 


* When the results described in this table are plotted the two values 
marked with the asterisk lie considerably outside the curve. This is 
due to the fact that undecomposed hydrogen peroxide was still present 
when the potassium permanganate was added. Thus when two solutions 
containing exactly the same amount of glucose but one of which also 
contained 5 ce. of 3 per cent hydrogen peroxide were analyzed, without 
decomposing the peroxide, the former was found to contain 0.1802 gm. of 
glucose by the-complete oxidation method. The other containing the 
peroxide apparently contained 0.2165 gm. of glucose when calculated on 
the basis of the oxygen consumed. This difference is due to the well 
known fact that hydrogen peroxide reduces permanganate with the evolu- 


tion of oxygen. 
’ The results are given in this form in order to illustrate this error. 
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six times as much material as No. 2 in Table II was set up and 
placed in the incubator at 37°. 75 cc. of this solution (corre- 
sponding to 0.200 gm. of glucose) were taken out for analysis at 
definite intervals as indicated in Table V. 


Experiments with the Carbonates of Sodium. 


The preceding results clearly confirm L6b’s claim that in the 
presence of phosphate mixture glucose is oxidized by hydrogen 
peroxide. Since he failed to observe appreciable amounts of oxi- 
dation when he used the other common reactior? regulator mixtures 
it seemed unnecessary to test these again for the present. It did 
seem advisable, however, to make some experiments with the 
carbonates of sodium for several obvious reasons. 

7. Influence of Sodium Carbonate-Bicarbonate.—If the phos- 
phates do not exercise a catalytic effect in this oxidation and the 
effect observed is due to OH ions then an equimolecular amount 
of sodium carbonate and bicarbonate should have fully as much 
effect. That this is not true was definitely established by the 
following experiment in which 2.43 gm. of Na»CO3.10H2O, 0.72 
gm. of NaHCOs, 35 cc. of distilled water, 20 cc. (0.200 gm.) of 
glucose solution, and 20 cc. of 3 per cent HO» were kept 4 days at 
37°. Upon analysis the peroxide was found to have been com- 
pletely decomposed and equivalent of 0.1902 gm. of glucose was 
recovered; 7.e., 5 per cent was apparently oxidized as against 80 
per cent oxidized with the corresponding phosphate mixture. 

In the above experiment the two carbonates were used in the 
same molecular amounts and proportion as the two phosphates in 
Experiments 5 in Tables I and IJ. The solution therefore con- 
tained at least the same amount of available alkali but had a 
somewhat higher OH ion concentration than the phosphate mix- 
ture referred to. If OH ion concentration and available alkali 
are the controlling factors in these oxidations this experiment 
should have shown as much or more oxidation than was obtained 
with the phosphate mixture. 

8. Influence of H,CO3 and NaHCO;.—The results in Table V 
suggest that the velocity of decomposition of sodium bicarbonate, 
possibly produced in the oxidation, may be a factor in determining 
the velocity of oxidation. The following three experiments were 
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done in order to test the influence of this condition. The exper- 
iments were set up in similar 250 cc. flasks and kept in the incuba- 
tor for 24 hours at 37° after which they were analyzed in the usual 
manner. 

(1) 32.0 ce. of 0.833 m NaHePO, solution + 1.22 gm. of 
Na2CO;.10H2O. This mixture effervesced in the cold. It was 
heated to boiling to expel COs, cooled, and the following were 
added: 

20 cc. (0.200 gm.) of glucose solution, 20 cc. of 3 per cent 
H.Os, 3 cc. of distilled water. 0.0761 gm. of glucose was recov- 
ered. 

(2) Components the same as in (1). 

All ingredients were mixed except the peroxide before adding 
the Na2CO3.10H.O in order to prevent the loss of CO2 as much 
as possible. 0.1906 gm. of glucose was recovered. 

(3) 25.6 ee. of 0.83 m NasHPO, solution. 

OA 1033) NaHsPO; : 

20.0 “ (0.200 gm.) of glucose solution. 
20.0 “* of 3 per cent H2Os>. 

3.0 “ “ distilled water. 

0.0774 gm. of glucose was recovered. 

On the basis of the conditions of the experiments the results of 
(1) and (8) were expected to be identical because the reaction 
mixtures as used were identical. As a matter of fact the amount 
of glucose recovered was nearly the same in (1) and (3). It was 
expected that the oxidation in (2) would be somewhat slower. In 
fact only 5 per cent of the glucose was oxidized in (2) as compared 
with over 60 per cent in the others. This indicates that not only 
do H.CO3 and NaHCO; not catalyze the oxidation of glucose with 
hydrogen peroxide but that they actually retard it. 

The interpretation of the influence ‘of the sodium carbonate 
added in (2) has not been fully established as yet. There are 
several factors to be considered, three of which are as follows: (a) 
Na»CO3 may under the conditions in (2) not react completely to 
give only NasHPO, and H.COs;; (6) if so, any NazCO3 or NaHCOs 
remaining would rapidly catalytically decompose the H.O2; (c) 
the presence of CO, to the point of supersaturation may retard 
the activation or dissociation of H2O.. 
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9. Influence of Sodium Carbonate.—The following experiments 
were done in order to determine what influence sodium carbonate 
exercises on the action of disodium phosphate. 

(1) 32.0 cc. of 0.833 mM NasHPO, solution. 

3.0 “ “© water: 
20.0 “ ‘ glucose solution (0.200 gm.). 
20.0 “ ‘* 3 per cent hydrogen perexide. 

0.0311 gm. of glucose was recovered. . 

(2) Same as in (1) with 0.61 gm. of Na2CO3.10H,.0. 

0.1741 gm. of glucose was recovered. 

(3) Same as (1) with 1.22 gm. of Na2CO3.10H.0. 

0.1737 gm. of glucose was recovered. 

The solutions were kept in the incubator at 37°C. for 45 hours 
and on analysis the amounts of unchanged glucose given were 
found. All hydrogen peroxide present had been decomposed. 

The results show that sodium carbonate exercises a strongly 
negative influence on this oxidation in spite of the fact that the 
OH ion concentration is higher in (2) and (3) and the available 
alkali in (3) is twice what it was in Experiments 5, Tables I and II. 

This negative influence on the final result of the oxidation may 
be due simply to the fact that the velocity of decomposition of 
peroxide by Naz2CO; is many times greater than that by NazHPO, 
and that the glucose oxidation induced by Na2CO; itself is rela- 
tively small in comparison. 

The above observations on the influence of the carbonates of 
-sodium permit us to conclude that, whatever the mechanism of 
CO, formation in this oxidation may be, carbonates of sodium are 
not intermediate stages in the process of COs liberation. 

10. Influence of Sodium Hydroxide.—The following three experi- 
- ments were done in order to determine the influence of sodium 
hydroxide on the effect of the phosphate mixture. 

(1) 25.6 ce. of 0.83 M NasHPO, solution + 6.4 cc. of 0.33 m 
NaH2PO,; + 20 ce. (0.200 gm.) of glucose solution + 20 ec. of 3 
per cent HO. + 3 ce. of water. 

(2) The same as (1) except that one-half the water was replaced 
with 1.5 ec. (0.0857 gm.) of NaOH solution. 

(3) The same as (1) except that all the water was replaced with 

3 cc. (0.1714 gm.) of NaOH solution. 
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After 50% hours at 37°C. the solutions contained no unchanged 
peroxide. They were analyzed and found to reduce KMnO, cor- 
responding to glucose as follows: 

(1) 0.0088 gm. of glucose. 

(2) 0.0140 “ « 66 

(3) 0.0618 “ “c 

- The sodium hydroxide has a perceptible but not a large retard- 
ing effect which is interpreted tentatively in the light of other 
experiments as due simply to its effect in increasing the decompo- 
sition of the hydrogen peroxide. In this respect its activity is 
not so great as that of the carbonates which coincides with its 
smaller retarding effect on the action of the phosphate mixture. 

11. Partial Interpretation of the Influence of Disodiwm Phos- 
phate-—Since there are three compounds actively concerned in 
this oxidation reaction and since glucose and peroxide alone do not 
react appreciably there remain three possible ways of interpreting 
the reaction on the basis of the formation of molecular complexes, 
which are so frequently found to underlie catalytic phenomena. 

(1) NasHPO, and H.O, may give an unstable complex which in 
turn reacts to oxidize glucose. 

(2) NasHPO, and glucose may form a hexose phosphate which 
is more sensitive to H.O, than free glucose. 

(3) The three compounds may form a single complex the insta- 
bility of which gives rise to the oxidation. 

(1) and (2) are readily capable of being tested experimentally 
by known methods. (3) could conceivably take place in several 
ways none of which appears to be readily capable of experimental 
confirmation. 

The NazsHPO.-H.O, Complex.—That such a complex may. Be 
formed is suggested by the experiments of Petrenko on H.O2 
derivatives of NasPO,.!!_ A perphosphate of NasHPO, is unknown, 
Moreover perphosphoric acid is apparently unknown.’? How- 
ever, pyrophosphoric acid gives a peracid with H.Os, stronger 


1 Petrenko, G., J. russ, phys.-chem. Ges., 1902, xxxiv, 204, 391; Chem. 
Zentr., 1902, i, 1263; ii, 95. Cf. also, Gemlin-Kraut, Handbuch der anor- 
ganische Chemie, Heidelberg, 7th edition, 1906, i, pt. 1, 146. 

12 Price, T. S., Per-acids and their salts, New York, 1912, 77. 
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than Caro’s acid and which oxidizes Mn to KMnO, and its sodium 
salt NasP2O; gives a stable persalt with 3 per cent H2O>.! 

There is therefore some basis in fact, even in this little studied 
field, for the idea that NasHPO: may form an unstable perphos- 
phate as is suggested in the succeeding paragraphs. 

Decomposition of Hydrogen Peroxide by the Phosphate Miz- 
ture.—V arious experiments were done on the influence of Nas2HPO. 
on hydrogen peroxide although it is definitely stated that it is 
without influence on peroxide. My own experiments, which will 
not be described here, show that it does decompose hydrogen 
peroxide and that the presence of an equimolecular amount of 
NaH.PO, retards but does not stop the decomposition. 


TABLE VI. 


0.1 N KMnO,z Consumed by 5 Cc. of the Mixture. 


No. 23.5 hrs. 47.2 hrs. 96.2 hrs. 
cc. cc. cc. 

1 22.70 22 .62 22 .45 

2 Z2NO 21.06 18.45 

3 19 35 14.53. 2279 

4 17.06 11.65 4.31 

o 15.72 9 86 4.08 


The only experiments to be described here represent a repeti- 
tion of the glucose oxidations at 37° in Table II in which the glu- 
cose was omitted and in which the peroxide content was deter- 
mined at intervals during 96 hours. The results given in Table 
VI indicate the amount of peroxide remaining, at the various inter- 
vals, in terms of cc. of 0.1 Nn KMnO, consumed by 5 ce. of the 
mixture. : 

The phosphate mixtures and the hydrogen peroxide were 
warmed for 24 hours at 37°C. before being mixed in order to pre- 
‘vent a lag which is otherwise observed during the first 24 hours. 


13 Schenck, R., Vorlinder, F., and Dux, W., Z. angew. Chem., 1914, 
xxvii, pt. 1, 291. 
14 Gemelin-Kraut,'! p. 137. 
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The data show a progressively increasing decomposing effect 
with increasing phosphate content although the mixture is neither 
appreciably acid nor alkaline.'® 

In conclusion it may be stated that there are clear indications 
that Na,HPO.-H.O2 may form an unstable complex, but as yet 
there is no satisfactory evidence. 

The NasH PO.-Glucose Complex.—Harden and Young, von Le- 
bedew, and others!*:!® showed that, in the yeast fermentation of 
glucose, Na2HPO, combines with glucose to form a hexose phos- 
phate ester. The presence of this complex was demonstrated in 
part by the fact that much of the phosphate was no longer pre- 
cipitated with ‘‘magnesia mixture.’’ Other hexose phosphoric 
esters have been obtained by chemical methods’ but the labora- 
tory preparation of von Lebedew,'® and the commercial manufac- 
ture!’ of hexose phosphate ester are carried out only in the 
presence of growing yeast. It therefore seemed necessary to 
determine experimentally whether such a complex is formed in 
aqueous solutions of glucose and the phosphate mixture alone. 

A solution corresponding to No. 5 in Table II except that it 
contained 20 cc. of water instead of the peroxide solution was 
kept 3 weeks in the incubator at 37°C. At the end of this time 
the glucose content was found by reduction methods to be un- 
changed. After standing 3 weeks more in the laboratory the 


15 [t should be noted that the interpretation of this decomposition of 
H.O; in this case cannot be attributed to the OH ion, since the solution has 
about the OH ion concentration of water, which is without influence. It 
is interesting to note in this connection that Schenck, Vorlinder, and 
Dux" found that NazP,O, solutions, which are so alkaline as to feel 
“‘soapy,’’ actually stabilize HO. by forming a stable perpyrophosphate. 
Moreover, it was found in experiments which will not be given here that 
the presence of NasP20; with NazHPO; retards or prevents the oxidation 
of glucose with H,O:, but not by decomposing the H2O2 as with NaHCO; 
or NazCOQ3. 

16 yon Lebedew, A. V., Biochem. Z., 1910, xxviii, 213; 1911, xxxvi, 248. 
Embden, G., and Laquer, F., Z. physiol. Chem., 1914-15, xciii, 94. Embden, 
G., Griesbach, W., and Laquer, F., Z. physiol. Chem., 1914-15, xciii, 124. 

17 Cf. foot-note, Meyer, V., and Jacobson, P., Lehrbuch der organischen 
Chemie, Leipsic, 2nd edition, 1902, ii, pt. 2, 927. 

18 Cf. for instance Bayer and Company, German Patent 292,817, Feb- 
ruary 26, 1915; Chem. Abstr., 1917, xi, 1519. 
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phosphate was precipitated with “‘magnesia mixture’”’ and weighed 
as the pyrophosphate. A solution of the phosphates alone made 
up to the same volume was similarly precipitated at the same 
time. The two precipitates after ignition showed the same 
weight, within a small fraction of 1 per cent, which shows that 
hexose phosphate ester was not formed to any significant extent. 

Similar solutions containing glucose and the phosphate mixture 
were kept under. observation in the polariscope in comparison 
with glucose solutions without phosphates. In 4 days there was 
no measurable change in optical rotation in either solution. 

These data, taken with the absence of positive data in the lit- 
erature, seem to prove that a hexose phosphate ester such as was 
found by Harden and Young is not formed under these condi- 
tions and consequently has no part in bringing about this oxida- ~ 
tion of glucose. If some other type of complex is formed its 
presence was not demonstrated by these methods. 

Influence of Time on the Glucose-Phosphate-Peroxide Reaction.— 
When it was found that the rate of peroxide decomposition has a 
definite relation to the phosphate concentration it was of interest 
to learn what relation the rate of glucose oxidation bears to the 
rate of peroxide decomposition. The results given in Table VII 
are typical for the rate of glucose oxidation as obtained by com- 
piling experimental results obtained in conditions like those used 
for Table II. 

In order to test this more fully experiments like Nos. 1 to 5 in 
Table II were set up having a total volume of 150 cc. and which 
were placed in the incubator at 37°. The phosphate-glucose mix- 
ture and the peroxide were warmed separately for 24 hours before 
mixing to eliminate what appeared to be a temperature lag in the 
curves. 10 cc. were removed and analyzed at definite intervals 
and the results were calculated and recorded in Table VIII on 
the basis of 75 cc. and thus correspond to the results in Table VII. 
The materials used in Table VII were not warmed before mixing 
which accounts for the difference in the slope of the curves when 
the data are plotted. 

The results in both series are substantially the same and show 
that the rate of glucose disappearance in the presence of the 
phosphate mixture is appreciably faster than the rate of HzO 
disappearance in the absence of glucose (Table VI). 
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The above constitutes a partial experimental interpretation of 
the catalytic influence of disodium phosphate on the oxidation 
of glucose with hydrogen peroxide. The results clearly suggest 
that the glucose is really oxidized by an unstable disodium per- 
phosphate, formed by the action of peroxide on disodium phos- 
phate. 

TABLE VII. 
Glucose Remaining from 0.200 Gm. Used. 


No. 50 hrs. 97 hrs. 
gm. gm, 
i 0.1897 
2 0.1843 
3 0.1249 
4 0.1037 0.01385 
5 0.0088 
TABLE VIII. 


Glucose Remaining from 0.1902 Gm. Used. 


No. 26.5 hrs. 49.2 hrs. 
gm. gm. 
1 0.1702 0.1455 
2 0.1362 0.1074* 
3 0.0489 
4 0.0195 
5 0.0273 


* The behavior of No. 2 is quite variable. Sometimes oxidation is as 
slow as in No. 1 without phosphates and sometimes it is nearly as fast as 
in No. 3, but more frequently it is about as given in these results. 


12. Is a Glucose-Phosphate Solution Oxidized by Air?—Having 
shown that the disodium phosphate plays a specific réle in this 
catalysis the question arises as to whether the use of peroxide is 
necessary. A few experiments were done in order to determine 
whether air could be used instead of peroxide. It is well known 
that caustic alkalies catalyze the oxidation of sugars by air, 
with the formation of more or less CO, depending on the condi- 
tions of the experiment. In the absence of definite data it was 
possible that the phosphate mixture might play the réle of caustic 
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alkali. A mixture like No. 5 in Table II was placed in a wash 
bottle. A rapid air stream was bubbled through it for 48 hours 
during 6 days. The permanganate required by 10 cc. was deter- 
mined at the beginning and at the end of the experiment and 
showed that no perceptible oxidation had taken place. This 
shows that disodium phosphate does not act like alkali in this 
respect, but rather conforms to the réle of a true peroxidase.’ 


SUMMARY. 


1. The work of Lob on the accelerative effect of phosphate 
mixtures on the oxidation of glucose with hydrogen peroxide was 
repeated and confirmed. 

2. The confirmation consisted in proving by an adequate 
method that the destruction of glucose, conceded by all in this 
case, 1s oxidation. 

3. It was shown that glucose may be quantitatively oxidized to 
CO, with hydrogen peroxide in the presence of the phosphate mix- 
ture. This fact it appears was not suspected by Léb, and increases 
the importance of his observations considerably. 

4, The results as a whole show that although optimal OH ion 
concentration is possibly necessary it is less important than 


19 Cf. Bach, A., in Oppenheimer, C., Handbuch der Biochemie des. 
Menschen und der Tiere, Jena, 1st edition, 1913, suppl., 160. 

Inorganic compounds known to play the réle of peroxidase in in vitro 
oxidations have usually been, as Bach states, metallic salts of the heavy 
metals such as iron and manganese. The synthetic peroxidases of Trillat 
(Trillat, M. A., Compt. rend. Acad., 1904, exxxviii, 274), of Dony-Hénault 
(Dony-Hénault, O., Bull. acad. roy. belg., 1908, 105), ete., prepared from 
manganese were prepared to resemble and imitate what it was thought 
are the essential properties of an oxidizing enzyme. The peroxidase 
disodium phosphate differs from these inorganic peroxidases in that the 
peroxidase property is dependent on the phosphate part of the molecule. 
Other sodium compounds do not exhibit the same effect. On the other 
hand dipotassium phosphate, as was shown by experiments not yet pub- 
lished, has the same effect. That the remaining alkali and alkaline earth 
dibasic phosphates may act in the same way seems likely. 

From this point of view then these results are of considerable interest 
because we have a compound playing the réle of peroxidase, in which the 
non-metallic part of the molecule carries the characteristic property. In 
this respect it seems likely that it resembles the biological peroxidases 
more closely than the heavy metal derivative peroxidases do. 
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Lob’s experiments and interpretation would indicate, when the 
phosphate mixture is used, and that the optimal limits, if they 
exist, are wider than he states. 

In fact it‘seems more accurate to refrain from emphasizing the 
segregated OH ion in interpreting the reaction and simply state 
that the effect is specifically related to the presence of disodium 
phosphate under suitable conditions. 

5. The amount of disodium phosphate used is the most signifi- 
cant factor in determining the reaction. Little or much mono- 
sodium phosphate was used with a constant amount of disodium 
phosphate without producing a marked negative effect on the 
reaction. 

6. The phosphate mixture may be used repeatedly at 37° for 
the oxidation of additional amounts of glucose owing to the fact 
that the product (CO.) is evolved from the reaction mixture 
during the process of oxidation. Disodium phosphate accordingly 
plays the role of a typical catalyst. 

7. Consequently disodium phosphate functioning in the man- 
ner described in this paper is the only chemical substance known 
to be generally necessary to the life of organisms, that is known 
to catalyze the quantitative oxidation of glucose to carbon dioxide. 

8. That compounds like hexose phosphate ester are the inter- 
mediates involved in the acceleration of oxidation described in 
this paper seems almost certain at first, in the light of the results 
of Harden and Young,!® of von Lebedew,'® and of Embden, 
Griesbach, and Laquer.'® The attempts so far made to establish 
the formation of such a compound failed to demonstrate its forma- 
tion under these conditions. 

9. On the other hand a close parallelism between the rate of 
spontaneous decomposition of peroxide and the rate of glucose 
oxidation in the same solutions was established. This together 
with other facts developed gives experimental basis for the idea 
that the oxidation really depends upon the intermediate formation 
of a highly reactive perphosphate. 

10. In producing this accelerating effect upon glucose oxidation 
disodium phosphate does not play the role of both oxygenase and 
peroxidase, as some inorganic compounds do, but acts only as a 
peroxidase. It is unable to activate atmospheric oxygen to any 
appreciable extent. 


D2 Oxidation of Glucose 


11. That the phosphate catalysis does not depend alone on 
unlimited capacity to decompose peroxide is clearly shown by 
the fact that the hydroxide and carbonates of sodium, which are 
much more effective in decomposing peroxide, diminish the glu- 
cose oxidation roughly in proportion to their increased ability to 
decompose peroxide. . 

12. Glucose is not oxidized by hydrogen peroxide in solutions 
containing NaHCO; and Na2CO3 when these are used in the same 
molecular concentrations as the two phosphates in the. phosphate 
mixture. 

13. These results together with those with sodium hydroxide 
show that available alkali, contrary to what was observed in the 
permanganate oxidation of glucose,‘ 2° is without appreciable 
influence on the oxidation of glucose with hydrogen peroxide. 


20 Witzemann, E. J., J. Am. Chem. Soc., 1917, xxxix, 2657. 


STUDIES ON MOLLUSCAN CELOMIC FLUID. 


EFFECT OF CHANGE IN ENVIRONMENT ON THE CARBON > 
DIOXIDE CONTENT OF THE CELOMIC FLUID. 


ANAEROBIC RESPIRATION IN MYA ARENARIA. 
By J. B. COLLIP. 


(From the Marine Biological Station, Departure Bay, Canada.) 


(Received for publication, September 10, 1920.) 


INTRODUCTION. 


It was noted in a previous communication (1) that the con- 
tent of combined carbon dioxide of molluscan celomie fluid tends 
to rise when the animals are removed from their natural environ- 
ment whereas a fall was noticed in this factor in the case of fish 
removed from their natural habitat. In order to determine what 
was the cause of this peculiar effect in the molluscan forms a 
series of experiments was undertaken, the results of which are 
herein reported. 


EXPERIMENTAL. 


Effect of Exposure to Atmospheric Air on the Combined Carbon 
Dioxide Content of the Celomic Fluid. 


The method of securing samples of celomic fluid or “‘clam 
juice” from the various specimens was the same as that detailed 
previously (1). Specimens of seven species of pelecypod Mol- 
luseca were exposed to atmospheric air in a closed glass container 
for varying periods of time. One species of the Amphineura 
and two species of the Gastropoda were similarly studied. Sev- 
eral non-molluscan forms were also exposed to atmospheric air 
under similar conditions. These included the calcareous shelled 
arthropod Balanus aquilla, the common brachiopod Terebretella 
transversa, various Crustacea of the decapod type, starfish, sea 
urchins, and certain varieties of marine fish. The container 
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used was of good size and a full supply of oxygen was assured. 
It was kept covered to prevent loss of water by evaporation. 
Filter paper moistened in sea water was frequently placed in the 
container with the specimens. Specimens which were exposed 
to air were kept in certain instances at a fairly constant tempera- 
ture by immersing the container in sea water while in others 
they were kept in the laboratory and were thus subject to the 
temperature changes of the latter. Table I illustrates the effects 
of exposure to air for various periods upon the combined carbon 
dioxide content of the celomic fluid of the different species inves- 
tigated. The rapid increase in the carbon dioxide content of the 
celomic fluid of the molluscan forms and the arthropod Balanus 
aquilla is very striking. That this increase is due to bicarbonate 
is evident since the samples were equilibrated with atmospheric 
air before being submitted to analysis. The decapod crustaceans 
examined failed to show this reaction, while a very slight increase 
was in some instances manifested in the echinoderms. As the 
latter reaction was not uniform it is of very doubtful significance. 

The survival time for specimens exposed to atmospheric air 
varied greatly. It was early noted that Mya arenaria was pecu- 
liarly resistant to long exposure to atmospheric air at the tempera- 
tures which prevailed in the surface water and the air at Depar- 
ture Bay during the summer months. It was for this reason 
used extensively in later investigation. It is regretted that no 
facilities were available which would enable one to keep specimens 
at a low as well as constant temperature. The results obtained 
will therefore have to be considered in the light of this condition. 
The greatest increase in the carbon dioxide content of the blood 
was in two specimens of Mya arenaria which had been exposed 
for 96 hours. The increase here was from 6.5 volumes per cent 
in the controls kept in sea water to 105 volumes per cent in the 
specimens exposed to atmospheric air at the temperature of sur- 
face sea water. The container used was a 6 liter cylindrical 
glass museum jar and it was opened daily both for the purpose 
of removing specimens for examination and to allow a change of 
air. The temperature of the sea water in the vessel which was 
taken on the 4 consecutive days during which these specimens 
were exposed was 19.8°, 18.8°, 19.3°, and 18.9°C. Slightly over a 
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sixteenfold increase in the combined carbon dioxide in the blood 
was noticed in this instance. 

The increase in the carbon dioxide in the small pelecypod 
Macoma secta from 11.2 to 48.6 volumes per cent in 6 hours is 
noteworthy, as is also that observed in the gastropod Polynices 
lewisit following 30 hours exposure. The combined carbon 
dioxide rose in this latter instance from 12.5 volumes per cent 
in the control to 77.4 volumes per cent in the exposed specimen. 
There were few forms which would survive an exposure to atmos- 
pheric air of more than 24 hours at the prevailing land and sur- 
face water temperatures. The amphineuran Cryptochiton, the 
eockle Cardium corbis, and the eagle barnacle Balanus aquilla 
were very sensitive to exposure. The horse clam Schizothoerus 
nuttalli, and the butter clam Saxidomus gigantea withstood an 
exposure of 24 to 48 hours. The little neck clam Paphia staminea 
and the edible form Mya arenaria were very resistant to exposure 
and in some instances survived as long as 5 days when placed 
in the air, the evaporation of water being practically excluded. 
The nudibranch Anisodoris was most sensitive of all forms, dying 
shortly after being brought into the laboratory. The absence 
of a calcareous shell is probably associated with the lack of resis- 
tance to exposure to air in this form although the temperature 
factor must also be of great importance. 


Effect of Exposure to Atmospheric Air on the Carbon Dioxide 
Capacity of the Celomic Fluid. 


Several samples of celomic fluid taken from specimens exposed 
to atmospheric air for varying periods were analyzed in the Van 
Slyke apparatus (2) when equilibrated with atmospheric air and 
also when equilibrated with alveolar air of the normal subject 
after the manner described by Van Slyke and Cullen (3). Table 
II illustrates the results obtained in this series of experiments. 
It will be noted that in every instance the carbon dioxide capacity 
of the sample was considerably in excess of the carbon dioxide 
content of the same when equilibrated with atmospheric air. 
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Effect of Exposure to Atmospheric Air on the Total Nitrogen Content 
of the Celomic Fluid. 


In order to determine if the increase in the carbon dioxide con- 
tent of molluscan celomic fluid brought about by exposure to 
atmospheric air was in any way due to an increase in its protein 
content the total nitrogen was determined in from 25 to 100 ce. 
of composite samples of celomic fluid taken from several speci- 
mens. The estimation was made by the usual Kjeldahl method. 
The results are expressed in Table III. As there was a slight 


TABLE III. 

Total] nitro- 

Total nitro-|gen per 100 ays 
feed: Specimen. Sra cules ae ea eae 
material. atmos- 

pherie air. 
mg. mg. hrs. 
1 Chicothoenus NUttallb.......-.-..-.-+- BV 0 
2 s cea tRte ren ete. 5; Cees 34.0 0 
3 sf SS oy NAR, ot Oe ee EE 34.4 32 
15 Sazidomus giganted....:...........--| 50.3 0 
8 s ss AES SOOT 51.8 30 
23 ZO TLORSUONUUNE Creer erie. «2.0420 70.0 0 
8 a ss RT eRe rcs «aie 61.6 28 
6 Candrumiconlus:. see oe ee SED 0 
6 ss sie Ae oils Shand eee pee 50.4 30 
14 VT CROMEN OU psn: ee ET a ee 330M IE 0) 
11 <f See Leos aa Ree cha 3am aN 40.7 28 
1 Polynices lewisii (fluid from foot)... 9.6 52 


increase in two species, Cardium corbis and Mya arenaria, prac- 
tically no change in Sazxidomus gigantea, and a slight decrease in 
Schizothoerus nuttalli and Paphia staminea, it is very unlikely 
that protein plays any appreciable part in the increase in the 
combined carbon dioxide or alkali reserve of the celomic fluid of 
the mollusk which has been exposed to atmospheric air. 


Effect of Exposure to Atmospheric Air upon the Calcium and 
Magnesium Content of the Celomic Fluid. 


Calcium and in a few instances magnesium were determined 
in composite samples of celomic fluid taken from several speci- 
mens. which had been exposed to atmospheric air for varying 
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periods of time. The method of McCrudden (4) was followed, 
the calcium being estimated by the titration of the oxalate with 
0.1 N potassium permanganate. 25 cc. of celomic fluid were 
used in most instances. This was evaporated to dryness on the 
water bath, fused, dissolved by the aid of concentrated hydro- 
chloric acid, and the calcium finally precipitated as the oxalate. 
’ The results are shownin Table IV. It will be noted that, whereas 
magnesium increases only very slightly in the blood of an exposed 
mollusk, the calcium increases to a great extent and also the 
increase in this latter constituent is more or less parallel with the 
increase in the combined carbon dioxide. It is therefore evident 
that the great increase in the alkali reserve of the blood of mol- 
luscan forms when exposed to atmospheric air is due toan increase 
in the concentration of bicarbonate which is balanced for the 
most part by an increase in the concentration of the calcium ions. 
Myers (5) has reported finding 307 mg. of calcium calculated as 
oxide in the blood of Saxidomus nuttalli and 197 mg. in Schizo- 
thoerus nuttalli. He has also commented on the very high cal- 
cium content of molluscan blood. I have failed to find that the 
calcium content of the celomic fluid of fresh molluscan forms 
differs materially from that of sea water. It is only after expo- 
sure to air that the calcium content becomes high. 


Effect of Exposure to Atmospheric Air upon the Total Alkalinity 
and the Buffer Value or Reactivity of the Celomic Flucd. 


Lacking the means of determining the hydrogen ion concen- 
tration, a most important factor in these experiments, a method 
was employed to determine approximately the total alkalinity of 
the blood and also its buffer value. The method adopted was 
similar to that previously described (1). based on the principle 
made use of in the method of double titration for bicarbonates 
by Brown and Escombe (6). The presence of small amounts of 
_ protein would of course introduce an error but as has been shown 
the protein content of the celomic fluid does not vary to any 
appreciable extent and therefore approximately the same degree 
of error would exist in all the titrations. The alkalinity was 
determined by noting the amount of 0.01 wn alkali required to 
produce a just noticeable pink tint when phenolphthalein had 
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been added to the celomic fluid. The reactivity of Moore-and 
Wilson (7) or the buffer value of Sdrensen (8) was determined 
by titrating from the phenolphthalein to the methyl orange point 
using 0.01 N sulfuric acid. 0.2 N acid was used in those instances 
where the reactivity was of large proportion. The results are - 
shown in Table IV. It will be noted that the rate of increase in 
the reactivity of the celomic fluid is in close agreement with the 
rate of increase of calcium and also of the combined carbon dioxide 
content of the same. 


Effect of Exposure to Air Followed by Submersion in Fresh Water. 


Table V illustrates that, whereas exposure to air causes a rapid 
increase in the alkali reserve of the celomic fluid, the subsequent 
immersion in fresh sea water causes a return to approximately 
the normal value for this factor. 


TABLE V. 
COQ: content of 
100 ce. of fluid 
Specimen. equilibrated Remarks. 
with atmos- 
pheric air. 
cc. 
Mya arenaria. . 8.2 Fresh. 

“s = ne 32.0 72 hrs. in glass container in laboratory. 
rf . “i 23.3 Submerged 4 hrs. in fresh sea water. 
“ (<9 14.9 “cc 16 “ce 79 (79 “cc “cc 
ce “cc a 9 iy “ 64 ce it9 (73 “ce “ 


Effect of Submersion in Sea Water in a Sealed Container. 


Several fresh specimens of Mya arenaria were immersed in a 
relatively small volume of sea water in a cylindrical glass con- 
tainer which was then tightly sealed. After varying periods of 
time the celomic fluid of the specimens was examined. An 
analysis of the sea water which was used in the experiment was 
also made. The results are expressed in Table VI. A few 
experiments were carried out in which boiled out sea water was 
used in place of fresh sea water. In one instance sea water, the 
buffer value of which had been greatly increased by the addition 
of 5 gm.-of basic sodium phosphate per liter, was used. It will 
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be noted that the behavior of Mya arenaria kept in a sealed con- 
tainer in either boiled or fresh sea water is very similar to that 
observed when the specimens were kept in the air. The alkali 
reserve and the calcium content of the celomic fluid mount 
steadily until the animal dies. The increase in the carbon diox- 
ide and calcium content of sea water is also considerable. The 
values for these two factors in sea water are, however, lower in the 
case of the celomic fluid except after long submersion of the 
specimens, in which instance there is a tendency for the concen- 
trations of these latter substances in the celomic fluid and sea 
water to equalize. The addition of basic sodium phosphate to 
the boiled sea water used in one experiment did not materially 
~ alter the results. A dense precipitate was formed in the sea 
water in this experiment which consisted for the most part of 
calcium phosphate. 

If one considers the increase in the combined carbon dioxide in 
the sea water used in an experiment one finds that there is very 
little difference in the rate of increase in this factor in specimens 
exposed to air and in specimens submerged in a relatively small 
volume of sea water. Thus in Experiment I, Table Vi, an 
increase of 29.3 volumes per cent was noted in the combined 
carbon dioxide content of the celomic fluid, while an increase of 
fully 20 volumes per cent took place in the sea water. The 
total bulk of the eight specimens used in this experiment was 
550 cc. while the volume of sea water used was 750 cc. There 
was therefore an increase of 150 cc. of combined carbon dioxide 
due to the activity of the specimens over and above the increase 
noted in their celomic fluid. The shells of the eight specimens 
displaced 85 ce. of water. Not allowing for the water entrapped 
in the mantle cavities, there were 465 cc. of clam tissue present 
in this experiment so that the increase of 150 cc. of carbon dioxide 
found in the sea water would mean that 32 cc. of this carbon 
dioxide had resulted from the activity of each 100 cc. of clam 
tissue. This added to the carbon dioxide content of 100. cc. of 
celomic fluid indicates that approximately 61.3 cc. of combined 
carbon dioxide resulted from the activity for 46 hours of 100 cc. 
of clam tissue, an amount which is in close agreement with the 
- observed increase of the volume per cent of carbon dioxide in the 
celomic fluid of similar specimens exposed to atmospheric air in 
a closed vessel for a corresponding period of time (Table IV). 
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Effect of Submersion in Distilled Water. 


The results of some experiments in which specimens of Mya 
arenaria were submerged in fresh distilled water in a glass con- 
tainer and kept at the temperature of surface sea water appear 
in Table VII. The combined carbon dioxide and calcium con- 
tent of celomic fluid rise after much the same manner as was 
observed when specimens were placed in either fresh or boiled 
sea water. Experiments I and II, Table VII, are of interest in 
that they show that a fall had taken place in the concentration 
of magnesium in the celomic fluid of the specimens, while a rise 
occurred in the concentration of calctum. There is also a marked 
difference in the total alkalinity and in the reactivity of the water 
and the celomic fluid. The chlorine content of the celomic fluid 
and of the water in which the specimens of Mya arenaria were 
submerged was determined in Experiments II and III, Table 
VII. The manner in which the concentration of the chloride in 
the celomic fluid is kept at a relatively high level under the cir- 
cumstances obtaining in these experiments is remarkable. Meigs 
(9) has shown that the adductor muscle of the clam Venus mer- 
cenarta is peculiarly resistant to hypertonic solutions of sodium 
chloride and to double strength sea water, the concentration of 
sodium chloride rising to only about one-half that of the sur- 
rounding medium. He also found that the mantle is almost 
impermeable to sodium chloride. The ability of Mya arenaria 
to withstand immersion in water, the csmotic pressure of which 
is very low, is of interest in the light of the observation of Meigs. 


Effect of Exposure ‘to a Hydrogen Atmosphere. 


Several specimens of Mya arenaria were kept in a small volume 
of sea water for 2 hours in order that the oxygen content of their 
tissues should be reduced to a low level. One specimen was then 
bled as a control, the others were placed in a hydrogen atmos- 
sphere over alkaline pyrogallic acid, two separate containers 
being used. One group of three was exposed for 26 hours; the 
other for 48 hours. The results of the analyses of the celomic 
fluids of these specimens are shown in Table VIII. The maxi- 
mum and minimum temperatures for the 2 days during which 


. 


Molluscan Celomic Flui 


40 


‘sry gg e1oydsourye uesoipAy ut ydoayy 
"SI Sh [OT[eS 
-o1hd ouley[e 10A0 o1eydsourye ussoipAy ul ydey 
"SI 9Z [OTIBS 
-o1hd ouley[e 19A0 o1aydsourye ussorpAy ur ydey 
"SIy Z 107VM BOS JO BUINIOA [[VUS UI doy 


*SYIVUIOY 


Omg6.) 0 7— 
0°069 | 0: Go—- 
OFOEY *70790L— 


'OS*H HOON 


N JQ'0 (99 N J0'0 °99 


‘APATowa | “AWUIPEATY 


0°SL 


“Bu 


0°€¢ 
¢ cP 
O'OST | ¥F 92 
a8 


“Bu ‘00 


”? ”? 


” ” 
“prinuain dh yy 


“09 0OT 
rod 3 


TWA GTAVL 


‘ave o1eyd 
-SOul}e 
09 OOT |W3IM pozeiq 
rad 89 -I[Inba 
ping jo “00 


00T red 20D 


‘ueultoedg 


*pasn 
‘ON 


J. B. Collip 41 


this experiment was performed were on the Ist day 24.4° and 
10.9°C., on the 2nd day 23.9° and 11.4°C. It will be noticed 
that the increase observed in the concentration of bicarbonate in 
the celomic fluid is very marked. It is not, however, so great 
as that which is found when the specimens are exposed to atmos- 
pheric air. The increase in the calcium and magnesium is com- 
parable to that observed for bicarbonate. 


Effect of Exposure to a Nitrogen Atmosphere. 


Three specimens of Mya arenaria were placed in a small 
desiccator containing a concentrated solution of pyrogallic acid 
in 40 per cent sodium hydroxide. A glass tube was so attached 


TABLE IX. 


COs: per 
100 ce. of, 
Specimen. Pod eau Remarks. 
atmos- 
pheriec air. 


cc. 


Mya arenaria. 8.0 | Fresh control. 

s ‘ 34.8 | 25 hrs. in glass container in laboratory. 
e “s , 17.8 | 25 “ “ desiccator over alkaline pyro- 
gallol. 


3 
3 
3 


to the exhaust cock that as oxygen was absorbed the air which 
entered first bubbled through the alkaline pyrogallol in the bottom 
of the desiccator. Three other specimens of like size were placed 
at the same time in a glass container which was kept at the same 
temperature as the desiccator for the duration of the experiment. 
After 25 hours the specimens were bled and an analysis was 
made of the composite samples of celomic fluid. The results 
are expressed in Table IX. It will be observed that the com- 
bined carbon dioxide of the celomic fluid did not increase to 
the same extent in the specimens which were kept in the desic- 
cator over alkaline pyrogallol as it did in the controls which were 
kept in the air. 
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Comparison of the Carbon Dioxide Content of Celomic Fluid and 
Other Fluids Obtained from Mollusca. 


A comparison was made between the carbon dioxide content 
of the celomic fluid and other fluids of different Mollusca. The 
results of this study are shown in Table X. It was found that 
the carbon dioxide content of the fluid which exuded from the 
exhalant siphon of fresh Mya arenaria was just slightly higher 
than that of sea water. When specimens of this species were 
exposed to atmospheric air for some time the bicarbonate content 
in the fluid of the mantle cavity closely approximated that in the 
celomic fluid. Somewhat similar observations were made on 
the amphineuran form Cryptochiton. The fluid in the foot of 
the large gastropod Polynices lewisii bears somewhat different 
relation to the blood and celomic fluid of this form as far as the 
bicarbonate content is concerned from that which holds in the 
fluid between the mantle cavity and the blood and celomic fluid 
of a pelecypod such as Mya arenaria. The combined carbon 
dioxide content of the fluid of the foot of Polynices lewisti approx- 
imates the value observed for the celomic fluid. The drawing 
_ In, therefore, of the foot in this form causes a considerable decrease 
in the total alkali reserve of the animal. It is of interest in this 
connection to note that this animal does not withdraw its foot 
unless subjected to rather violent irritation. 


Effect of Submersion of Dead Specimens of Mya arenaria in Sea 
Water. 


The results of two experiments are shown in Table XI. It is 
evident that the bicarbonate content of sea water in which dead 
clams are immersed rises quite rapidly once decomposition has 
set in. It will be noted, however, that there is little change 
during the first 24 hours submersion. The behavior of pelecypod 
mollusks exposed to air or submerged in a relatively small vol- 
ume of water is therefore quite distinct from that of dead clams 
which are undergoing decomposition. 
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TABLE XI. 
Specimen. See Remarks. 
ce. 
Experiment I. 

4 Mya arenaria (175 cce.).... Placed in 275 ce. of boiling sea 

water. 

Sea water (boiled).......... 345 

eae ay akees ethan ae 4.7 | After 24 hrs. No decomposi- 
tion of clam tissue. 

eas. Se = bo vaas ees ae 42.0 | After 48 hrs. Decomposition 
clearly manifested. 

a6 as ae Res ty. * 55.0 | After 72 hrs. 

«6 Meares Be glelhnch as Ee, tenets 67.0 FEC AOB "55 

aC cg a gdatesnx Ses. 72.0 Me 144“ 

Experiment IT. 

10 Mya arenaria (500 cc.).... Placed in 700 cc. of boiled sea 
water containing 9.5 per cent 
alcohol. 

Sea water (boiled).......... 2.8 

Gs ee I ae SOA Osh AMM 3.3 | After 24 hrs. : 
he Pet Mit eee oe se “ 48 “ Milky, decompo- 
sition evident. 
oe ass MER NSO Roc 35.0 | After 96 hrs. 
DISCUSSION. 


As has already been indicated the marked increase in the 
bicarbonate content of the celomic fluid, and therefore in all 
probability of the blood and tissues of the calcareous shelled 
pelecypod mollusks and the arthropod Balanus aquilla on expos- 
ure to air is quite opposite to the effect observed in fishes when 
they are removed from their natural habitat. This phenomenon ~ 
is undoubtedly associated with the presence of a calcareous shell 
the calcium carbonate of which furnishes an alkali reserve which 
is added to that of the body fluids and tissues, and which it 
appears can be readily utilized. 

As specimens of Mya arenaria appear to remain practically 
normal even after long exposure to atmospheric air there is no 
reason to suppose that any material change has been effected in 
their metabolic processes as a result of the change in environment. 
If one assumes, therefore, that combustion still proceeds in the 
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exposed specimens, then the increase in the bicarbonate content 
of the body fluids can be explained according to the equation 


CO, + H.0 + CaCO; = Ca(HCOs). 


The carbon dioxide resulting from the respiratory process 
would, by slightly increasing the hydrogen ion concentration, 
dissolve calcium carbonate from the shell and the concentration 
of the calcium ions and of bicarbonate ions would therefore 
steadily rise as combustion in the tissues proceeded. The amount 
of carbon dioxide actually excreted from the specimens in the 
gaseous form was not determined. If this factor were known 
one could calculate the intensity of metabolism in these forms 
by considering the amount of carbon dioxide excreted in addition 
to the amount retained as bicarbonate. It would appear that 
50 per cent of the increase observed in the carbon dioxide content 
of the celomic fluid is due to carbon dioxide formed by combus- 
tion in the tissues, while the remaining 50 per cent results from 
the solution of calcium carbonate of the shell. 

The degree of alkalinity of the celomic fluid determined by 
titration is by no means an indication of the hydrogen ion con- 
centration, but the ratios observed between the alkalinity figures 
and the reactivity values suggest that no marked increase in the 
hydrogen ion concentration takes place during the early part of 
the exposure at least. The reactivity or buffer value is, in nearly 
every instance, in close agreement with the calcium content and 
the carbon dioxide concentration of the celomic fluid. 

The increase in the alkali reserve as indicated by an increase 
in bicarbonate concentration in specimens exposed to atmospheric 
air is due for the most part to increase in the calcium content. 
Magnesium, which in the normal animal in its natural habitat 
exceeds calcium in the degree of its concentration, and therefore 
balances a greater proportion of bicarbonate ions than does 
calcium, increases only slightly as compared with calcium when a 
specimen is exposed to air. It is probable that the relative 
increase in calcium and magnesium concentrations under these 
circumstances is somewhat similar to the relative amounts of 
these substances in the shell from which solution of bicarbonate 
is taking place. It is of interest to note here that no increase 


rt 
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was observed in the concentration of magnesium in the cockle 
(Cardium corbis) on exposure to air. 

As specimens submerged in boiled sea water and kept in a 
sealed container continue to develop an increased carbon dioxide 
content, calcium concentration, and buffer value, after much 
the same manner as specimens exposed to atmospheric air, and 
since a similar effect is manifested by specimens kept in an atmos- 
phere of hydrogen or nitrogen, one is led to-ask the question ‘Can 
anaerobic respiration be manifested by these forms?” 

If one considers the results of an experiment recorded in Table 
VIII, one finds that after 48 hours in a hydrogen atmosphere 
the combined carbon dioxide rose from 8.2 to 45.5 volumes per 
cent, or an observed increase of 37.3 volumes per cent. If one 
assumes that aerobic respiration was taking place and that car- 
bohydrates were being burned, then a volume of oxygen equiva- 
lent to the volume of carbon dioxide produced would be required. 
If 50 per cent of the observed increase in the combined concen- 
tration of carbon dioxide is indicative of the amount of this sub- 
stance produced due to combustion then an amount of oxygen 
equivalent to 50 per cent of 37.3 volumes per cent, or 18.65 
volumes per cent, would be required. As the specimens used 
in this experiment were kept in a small volume of sea water for 
2 hours before they were transferred to a hydrogen atmosphere, 
one fails to see how any appreciable amount of oxygen could be 
contained in the tissues of the specimens. As there is no apparent 
source for 18.65 volumes per cent of oxygen in these clams it is 
therefore evident that they must be respiring anaerobically or 
else the increase in the carbon dioxide, calcium, and buffer value 
of the celomic fluid is due to some other cause than that suggested 
earlier in the paper. Decomposition of the clam tissue can be 
excluded since the specimens were very active, responding to 
stimulation like normal animals, after they were removed from 
the hydrogen atmosphere. 

There is the possibility of the solution of the calcium carbonate 
of the shell due simply to the solvent action of the tissue fluids 
containing free carbon dioxide. This would result in the forma- 
tion of calcium carbonate the solubility of which is considerably 
increased by an excess of carbon dioxide in the water (10). In 
dealing with a closed system, however, such as the individual 
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clam in an atmosphere of hydrogen, the solution of calcium car- 
bonate due to the solvent action of the free carbon dioxide would 
require a constant supply of the latter if the process is to con- 
tinue; otherwise equilibrium would be established between the 
dissolved bicarbonate, the calcium carbonate of the shell, and 
the free carbon dioxide, and no further increase would be mani- 
fested unless this balance were disturbed. It will be noted that 
the rate of increase in the carbon dioxide content and the calcium 
concentration of the blood is for a considerable period practically 
constant. If respiratory activity accounts for the increase in 
bicarbonate concentration of the tissue fluids, then this uniform- 
ity in the rate observed would fit in well with the fairly constant 
rate of metabolism which might be expected under such circum- 
stances, anaerobic respiration being possible. 

The fact that the rate of increase in the bicarbonate concen- 
tration, the calcium content, and the buffer value is greater in 
air than it is in either hydrogen or nitrogen would indicate that 
absence of oxygen does exert an influence on the intensity of the 
metabolic processes but by no means causes a complete cessation 
in the respiratory function. 

The extreme sensitivity of the cockle and the horse clam to 
exposure to air at the prevailing summer temperatures made 
experiments with these'forms of the same type as were conducted 
with Mya arenaria temporarily impossible. Neither of these 
forms is normally submitted to the same degree of low oxygen 
tension as is Mya arenaria. It is hoped that experimental work 
of a similar nature to that carried out with Mya arenaria may be 
done on other forms at a more favorable time of the year. 

It has long been known that animals show a very unequal 
resistance to lack of air. Bunge (11) in his work upon respira- 
tion of intestinal parasites and mud-dwelling organisms showed 
that parasites in the intestine of warm blooded animals must 
live practically in the absence of oxygen, while worms living in 
the mud were also subject to similar conditions, decomposition 
processes, with the formation of reducing substances, keeping 
the oxygen absent. Packard (12) found that worms and mud- 
dwelling Crustacea are resistant to the lack of oxygen for some 
time. 
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The ability of an animal to resist a lack of oxygen may or 
may not be connected with an anaerobic respiratory mechanism. 
If one finds complete evidence of metabolism in an animal exposed 
to anaerobic conditions, then anaerobic respiration would be 
indicated. Such seems to be the condition in the case of Mya 
arenaria. Crustacean types which were exposed to the air or 
submerged in boiled sea water died within a few hours. The 
carbon dioxide content of the blood was, however, practically 
unaltered by such procedures. These forms do not use the 
calcium carbonate of their carapace as a protective measure when 
removed from their normal habitat. 

In the light of the results of the experiments which have so 
far been conducted upon Mya arenaria the writer has tentatively 
to conclude that individuals of this species behave as facultative 
anaerobic organisms. It is realized, however, that in these pre- 
liminary experiments absolutely anaerobic conditions were not 
secured. It is the intention to continue this work at another 
time when it is hoped to determine the hydrogen ion concentra- 
tion of the celomic fluid and the rate of oxygen consumption 
under various conditions. 


SUMMARY. 


1. Calecareous shelled pelecypod Mollusca and the arthropod 
Balanus aquilla have in the calcium carbonate of their shells a 
potentially great alkali reserve. 

2. Exposure of these forms to atmospheric air causes a marked 
increase in the combined carbon dioxide of the celomic fluid. 

3. There is under these circumstances a parallel increase in the 
calcium concentration and the buffer value of the celomic fluid. 

4. Various other marine forms studied did not so react. 

5. There is no increase in the total nitrogen of the celomic fluid 
of the pelecypod Mollusca exposed to atmospheric air. 

6. Mya arenaria is particularly resistant to long exposure to 
atmospheric air. é 

7. When specimens of Mya arenaria are placed in a relatively 
small volume of fresh sea water, boiled sea water, distilled water, 
or in a hydrogen or a nitrogen atmosphere much the same reac- 
tion is observed as when specimens are exposed to atmospheric 
air. 
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8. The rate of increase in the content of carbon dioxide, the 
calcium concentration, and the buffer value of the celomic fluid 
under all the above conditions is, during the first period of sev- 
eral hours, constant. 

9. The rate of increase in the rate of combined carbon dioxide, 
the concentration of calcium, and the buffer value is not so great 
in a hydrogen or nitrogen atmosphere as it is in air. 

10. It is suggested that Mya arenaria is a facultative anaerobic 
organism which continues to produce carbon dioxide under 
anaerobic conditions. 


In conclusion I wish to express my thanks to Dr. C. McLean 
Fraser, the Curator of the Biological Station, Departure Bay, 
British Columbia, for his cooperation during the carrying out of 
the experimental work reported in this communication. 

My thanks are also due to the Biological Board of Canada, — 
by whom the expenses in connection with this investigation have 
been defrayed. 
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RELATION OF THE ALKALI RESERVE OF THE BLOOD 
TO GLYCOSURIA AND HYPERGLYCEMIA IN 
PANCREATIC DIABETES. 


By BYRON M. HENDRIX anp CAROLINE Y. CROUTER. 


(From the Department of Physiological Chemistry, Medical School, University 
of Pennsylvania, Philadelphia.) 


(Received for publication, October 7, 1920.) 


The failure of the body to utilize carbohydrate and the increased 
combustion of fat in diabetes are regarded by most workers as 
responsible for the production of an excessive amount of acids, 
particularly aceto-acetic and 6-hydroxybutyric acid, which cause 
a diminution of the alkali reserve of the blood and presumably 
of the tissues. It has been shown, on the other hand, by Elias 
(1912-13), and Elias and Kolb (1913), and others,! that the admin- 
istration of mineral acids to dogs causes glucosuria and hyper- 
glycemia. Jensen’s (1918) work, however, seems to indicate that 
if the acid is sufficiently dilute much larger quantities may be 
given to dogs without causing an excretion of glucose by the 
kidney. He was able to increase glucosuria in dogs by administer- 
ing 600 ce. of 0.1 n hydrochloric avid solution, only after seven- 
eighths of the pancreas had been removed. 

Murlin and Kramer (1916) were able to increase the amount 
of glucose in the blood and urine of depancreatized dogs by 
giving, by mouth, a solution of hydrochloric acid. These results 
led Murlin and Sweet (1916-17) to study the course of pancreatic 
diabetes after the extirpation of the stomach. They found a 
much milder form of diabetes appeared when both stomach and 
pancreas were removed, than when the pancreas alone was extir- 
pated. They believe their results indicate that the influence of 
the pancreas upon carbohydrate metabolism consists, at least 
in part, in neutralizing the acid produced by the stomach, thereby 


1 The literature on the effects of administering acids to animals is 
reviewed in the papers of Elias and of Elias and Kolb. 
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protecting the liver from acid intoxication. Their theory of the 
function of the pancreas is as follows: 


“The results of this study . . . . suggest that the internal func- 
tion of the pancreas may be closely akin to its external function in that, 
on the one hand (external), it provides for the complete neutralization 
of the acid contents of the stomach, thereby protecting the liver in its 
glycogenic function, and on the other (internal), it somehow preserves the 
proper concentration of hydrogen ions in the tissues for the combustion of 
glucose. It is not impossible that the pancreatic hormone, through which 
the latter function is discharged, may prove to be a peculiarly adapted 
alkali produced by the islands of Langerhans.”’ 


EXPERIMENTAL. 


If the gastric juice were not completely neutralized in the 
intestine after the removal of the pancreas, it would react with the. 
carbonates and phosphates of the blood in the portal system 
causing a reduction in the alkali reserve in the whole blood, in- 
asmuch as the blood from the portal system is mixed with the 
blood from the rest of the body in the heart, lungs, and, to a less 
extent, in the liver. Since hyperglycemia and glucosuria appear 
very soon after the removal of the pancreas, it was thought 
worth while to study the alkali reserve of the blood as measured 
by the power of the plasma to combine with carbon dioxide, 
and compare this with the change in the concentration of glucose 
in the blood, and its excretion into the urine. The capacity of 
the plasma for carbon dioxide was determined by the method of 
Van Slyke (1917), Maclean’s (1919) method for blood sugar was 
used, and the glucose in the urine was determined by titrating 
against Fehling’s solution. Dr. Sweet removed the pancreas 
from the dogs by his usual technique. 


DISCUSSION. 


Our results from five dogs are given in Table I. We found that 
the alkali reserve of the blood, as measured by the carbon dioxide 
capacity of the plasma, showed no decrease until diabetes, as 
shown by the G:N ratio and increase in blood sugar, had been 
established for at least 24 hours. The earliest appearance of a 
decrease in the carbon dioxide capacity of the blood came about 
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TABLE I. 


Time CO2 
after per 100cc. 
operation.| plasma. 


Glucose Nitrogen 


* 
Glucose. in urine. | 1n urine. 


G:N | Remarks. 


No. 1. Pregnant female. 


days ce. per cent gm. gm. 
Before. 41.5 0.063 
1 56.1 | 0.1998} 17.70 | 7.18 2.47 | Fasted. 
2 59.6 0.257 | 18.93) 8.59 ae 
3 515 OFSZIS\— 2462 |) OFT 2.62 


No. 2. Female. 


Before. | 50.4 0.059 Fasted. 

1 54.6 0.177 Urine lost. 

Z, 44.2 0.161 | 30.66 | 10.83 2.83 | Urine may not have 
been properly pre- 
served. 

3 48.9 0.163 19.3 6.87 2.83 Animal died during 
the night of 4th 
day after opera- 
tion. — 

No. 3. Male. 
Before. | 45.3 0.055 ’ | Fasted. 

il 47.6 0.118 | 15.938 | 6.71 2.37 

y4 56.3 0.119 28.64 | 10.4 2.75 

3 42.2 OPTS) | 2238524" 952 2.53 | No evidence of peri- 
tonitis found. 

6 30.9 OF1205 122-6 feo 3.07 | Found dead on 7th 
day. 

No. 4. Male. 
Before. | 51.2 0.073 Urine not preserved. 

1 58.0. | 0.150 

2 41.5 0.1238 23.8 9.45 2.52 

3 42.0 0.148 17.09 9.04 2.33 

4 41.1 0.243 Animal fed #4 Ib. 


meat per day. 
Refused food on 
4th day. 

Found dead on 5th 
day. No evidence 
of peritonitis was 
found. 


* Computed on whole blood. 
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TABLE I—Concluded. 


Ti O2 : 
a after ee Glucose.* Ghee pieiredes G:N | Remarks. 
No. 5. Female. 
days cc. per cent gm. gm. 
Before. | 51.7 | 0.075 
1 51.4 | 0.098 {Urine of 1st and 2nd 
2 52.8 eet shea Wed Ah i 


3 49.9 | 0.241 24.19 9.64 | 2.51 | Animal fed 2 Ib. 
meat per day. 


4 39.5 | 0.270 26.18 8.69 | 3.01 
5 39.6 | 0.238 17.34 8.47 | 2.05 
7 38.9 | 0.270 16.17 (2810) 92.21 
8 34.7 | 0.280 16.46 7.20 | 2.28 
9 29.8 | 0.315 24.52 | 10.05 | 2.44 | Killed. 


48 hours after the removal of the pancreas, while there was always 
a definite increase in the blood glucose within 1 day after the 
operation. It is well known that glucose appears in the urine 
within a few hours after pancreatectomy. It is of interest to note 
the more or less marked increase (1 to 20 per cent by volume of 
COs) in the alkali reserve on the Ist or 2nd day after the operation. 
In most cases, this increase is comparatively small and its signifi- 
cance is not clear. 

It would seem that if acid is taken up from the intestine by the 
portal blood after the removal of the pancreas, it must be neutral- 
ized by some base other than bicarbonates or phosphates of the 
blood, or cause a simultaneous liberation of alkali from some part 
of the body. It may be pointed out in this connection that the 
formation of a pancreatic fistula, so that the pancreatic juice 
escapes to the exterior, does not cause any disturbance in the 
carbohydrate metabolism of the animal. In such eases, the acid 
from the gastric juice would be as likely to reach the liver as 
when the pancreas had been removed from the body. It is 
questionable, also, whether fragments of the pancreas, which are 
sufficient to prevent diabetes, can produce enough pancreatic 
juice to be of any importance in neutralizing the acid produced 
in the stomach. 
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Acidosis in depancreatized dogs undoubtedly develops as shown 
by Nos. 3 and 5. In No. 3, the carbon dioxide capacity of the 
plasma fell to about 31 volumes per cent, and in No. 5, to about 
30 volumes per cent. 


SUMMARY. 


1. A decrease in the alkali reserve of the blood, as shown by 
the carbon dioxide capacity of the plasma, is not simultaneous 
with the appearance of hyperglycemia and glucosuria in pan- 
createctomized dogs. 

2. A slight increase in the carbon dioxide capacity of blood 
plasma was observed on the Ist or 2nd day after the removal of 
the pancreas, later decreasing and gradually reaching about 30 
volumes per cent in two cases. 

3. Definite acidosis appears comparatively late in pancreatic 
diabetes in dogs. 

4. No observations which support Murlin and Sweet’s theory 
of the causal relation of the acid of the gastric juice to pancreatic 
diabetes were made. 


We wish to take this opportunity to thank Dr. J. E. Sweet 
very kindly for doing the surgical work. 
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THE GLOBULIN OF THE COHUNE NUT, ATTALEA 
COHUNE. . 


By CARL O. JOHNS anp C. E. F. GERSDORFF. 


(From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States Department of Agriculture, Washington.) 


PLaTeE 1. 


(Received for publication, September 30, 1920.) 


The cohune palm (1, 2) is indigenous to the British Honduras 
(3) and the other countries of the Caribbean coastal region, and 
its nut is shown whole, opened, and in cross-section in Fig. 1.! 
Most of the nuts have but one kernel, a few two. 

It is found mostly in damp lands, growing best in the deep for- 
est (4). The nuts are produced in large clusters of about 75 
pounds each, a single tree having an average yearly production of 

-four clusters. They vary in size from 14 to 3 inches in length 
and from 1 to 2 inches in diameter, the shell being hard and 
dense with an average thickness of + to $ inch. In certain dis- 
tricts the cohune palm constitutes 20 to 30 per cent of the vege- 
tation (3). The kernel averages about 10 per cent by weight of 
the whole nut. 

The nut was not commercially exploited until the World War 
when the shells were carbonized and used in gas masks, the 
kernels being pressed for their oil, which is of a very high quality 
and is similar to coconut oil (3-5). 

A search has not yet disclosed literature bearing on the utiliza- 
tion of the press-cake. The nuts are now being pressed for oil 
in the British Honduras, and experiments are in progress in this 
country to produce the oil on a commercial scale. The press- 
cake will be suitable for use in feeds, its value as such being indi- 
cated by the analysis of the isolated protein described herein. 


1 This information and photograph were furnished by Mr. O. F. Cook 
of the Offiee of Crop Acclimatization, United States Department of Agri- 
culture, Washington. 
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TABLE I. 
Comparison of Analysis of Coconut and Cohune Nut Globulins. 
Moisture- and ash-free basis. 


Coconut globulin. Distribution of nitrogen.t 


Cohune 

nu 

* globulin. Coconut | Cohune 
al : “a globulin.t alent 

percent | percent per cent per cent per cent 

6 earths iy 50.88 | 51.28 | 51.75.) Amides 7a i0- 1.36 | 1.35 

15 QR SR et 6.82 6.90 6.92 | Humin....... 0.14 | 0.17 

Nie eae 17:89 4) (18 40-) «017082 Wp Basie. . ae 6.06 |; 7.14 

RE atts Oe 1.03 1.06 1.35 | Non-basic....| 10.92 | 9.34 

OB oe iene 23.38 | 22.41 | 22.16 


AGiy. Saisie ste) O08 0.25 1.83 


* Ritthausen (6). t Osborne and Harris (8). 
7 Chittenden (7). § Calculated by difference. 


TABLE II. 
Comparison of Analysis of Coconut and Cohune Nut Globulins. 


Analyses by the Van Slyke method. Total N regained corrected for 
solubility of bases (9). 


Coconut Cohune nut 
globulin.* globulin. 
per cent per cent 
INTTATC ORIN: SLB ae en, ovo ck Fe CR ite BRAT EIS 7.99 7.50 
Humming N- adsorbed ibyslimece £22 28892 ieee. - 1.41 0.84 
aN in-amyl alcohol extracts. isu ssc cnb 0.11 0.11 
SR REAINC ING c's fice tus in: sh an.n eee CRE OC sere ee 0.96 0.53 
REE AIVETA DN 5-325) A ok wes ce «pate oer aioe deere tae 29 .50 30.87 
ieinstiidine N'; 22.20.  felete eke tiga « letabae © One 3.68 2.61 
AO ANS... cE. do TER SR DA 6.41 7.94 
Amino: N) of filtrates. os.ik Uiekie els Ben ee 45 .44 47 .87 
Wonzamino N of ‘filtrate. . 2.2.2 2..h4einee te 4.60 2.28 
MNOpslNGTeERAINCd = sant ore eee eae 100.10 100.55 


Distribution of the basic amino-acids. 


(everest ccc... PEI eS 1.44 0.81 
APANAI NETS. Get). 5. sini Sate hah ates Se eee 15.92 17.1% 
BETS FTAA Crises Meee pags 5s ‘sh tem) teller tbo Rta eae Loree ee 2.42 1.72 
LEZEN, Sit we cre eats beh oy 8 25 5.80 7.42 
PAVEUORUBNG obs wolfe id. o. alcishepe Ske pene eee Present. Present. 


* Johns, Finks, and Gersdorff (10). 
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This analysis shows that the protein contains all the basic amino- 
acids necessary to produce normal growth. The protein also 
gives a strong qualitative test for tryptophane. 

The press-cake used in this investigation was prepared in this 
Laboratory from nuts furnished by the United States Food 
Administration. It contained 20.63 per cent of protein (N X 
6:25). 

The principal protein extracted by means of sodium chloride 
solution is a globulin. This was obtained by dialyzing the 
saline extracts and could also be precipitated from the extracts 
by means of ammonium sulfate. This globulin is quite similar 
to that obtained from the coconut, no marked differences being 
observed in any of the analyses. These comparative results are 
given in Tables I and II. 

Tests for albumin showed that a trace was present. This 
albumin coagulates between 60° and 68°C. while the globulin 
coagulates at near the boiling point of water. 


EXPERIMENTAL. 


Preparation of the Press-Cake—Much difficulty was experi- 
~ enced in removing the husk and shell. This was accomplished 
by cracking each nut individually between a steel plate and the 
head of a steel power drill. The kernels which ran mostly one 
to a nut, seldom two, were cold-pressed, using a press of the oil 
expeller type. The granular press-cake was freed from residual 
oil by extracting twice with petroleum ether, the excess of ether 
being removed by drying zn vacuo over sulfuric acid. The press- 
cake was then ground to a fine meal which eontained 20.63 per 
cent of protein (N X 6.25). 

Preliminary Experiments.—Extraction experiments were made 
with different concentrations of sodium chloride in water, with 
70 per cent alcohol and with 1 per cent hydrochloric acid, extract- 
ing for 1 hour in each case. The percentages of protein extracted 
by the various solvents are given in Table III. Time extractions 
were then made with the solvent which extracted the maximum 
quantity of protein, and the data are given in Table IV. 

All extractions described in this paper were made with a 10 
per cent sodium chloride solution in distilled water. This solvent 
extracted the maximum quantity of protein, 16.09 per cent, in 1 
hour. 
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TABLE III, 
Preliminary Extraction Experiments. 


Solieue to, : em. Solvents Praken orate 
cc. per cent 
10 70 per cent alcohol. 0.52 
10 Ap CS EE ETC 12.66 
10 Distilled water. 4.04 
10 0.5 bee ue Nal. aus 7.74 
10 1.0 NaCl. sos 11.52 
10 125s ee Nae 11.08 
10 Bi ees Oe SNe 12.39 
10 Deedes see ANT Oe 14.51 
10 SiO “CaN GI 14.59 
10 Soe Saela Op ails? 
10 AOS | Ses NaCI ; 15.03 
10 Bu S038 ah Nee eel 
10 TOD eNO LE 15.30 
10 Si Sh NaCI 15.91 
10 TODS hates = INO? 16.09 

TABLE IV. 


Time Extraction Experiments. 
Solvent: 10 per cent sodium chloride solution, 10 cc. to 1 gm. of meal. 


Timerextracted, hrse= it. 2 oie 


a ——d 


Protein extracted (N X 6.25), per 
cent . 


./13.71|16.09|14.16)14.07\13. 71/18. 14)12.84 


TABLE V. 
Globulin Precipitated by 0.7 of Saturation with Ammonium Sulfate. 
Calculated on moisture- and ash-free basis. 


I II Average. 

per cent per cent per cent 

Cees AP Eee ae 52.77 52.62 52.70 

TELA Shs pa ece: 2ehicy 2 ctaiecs Abie atetesde4 Cle eisto 7.03 7.06 7.05 

iy ee he ec 9) a ge oe teed nate 17.80 17.68 17.74 

SAS ako eae MAS eeu koe se dapat 1,21 

Lok les cses Saeed eateapdeil eb | 21.30 
IMois tue re ts Acie). ccckty: tee 6.87 
DNATA ae dc 5 ct OE RR ROR EES Co 0.53 


* Calculated by difference. 
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Globulin Extracted by Sodium Chloride and Precipitated by 
Ammonium Sulfate—An extraction was made, using 10 cc. of 
solvent to each gram of meal. The quantity of meal used for a 
preparation ranged from 125 to 210 gm. The meal was mixed 
with the solvent, all lumps being disintegrated by hand, and the 
mixture allowed to stand at room temperature for 1 hour. The 
mixture was then poured into a large Buchner funnel fitted with 
a circular piece of closely woven cotton cloth, and the extract 
recovered by suction, the residue being washed twice with 10 
per cent sodium chloride solution. The extract so recovered 
was nearly clear and was easily filtered through a mat of paper 
pulp on a Buchner funnel. The extract was then dialyzed in 
parchment bags suspended in running chilled water until prac- 
tically free from chlorides. The dialyzed protein was washed 
and then redissolved in a volume of 10 per cent sodium chloride 
solution equal to about one-third the volume of the solvent 
originally used in extracting the meal. It was filtered clear 
through a mat of paper pulp on a Buchner funnel. The clear 
extract was made 0.7 saturated with ammonium sulfate and 
allowed to stand over night. The precipitated protein was 
- filtered on a folded soft filter paper, redissolved in distilled water, 
_ filtered clear, and dialyzed for 12 days. The protein was removed 
from the mother liquor in the dialyzing bags, washed free from 
chlorides and sulfates, and dried. The water was removed by 
treating the protein with absolute alcohol, removing the alcohol 
by suspension in absolute ether, filtering, and drying, first over 
sulfuric acid in vacuo and then in a vacuum drying oven, gradu- 
ally raising the temperature to 110°C. It was then ground toa 
fine powder in a mortar, the finished product being an amorphous 
white powder. The yield based on the weight of the meal used 
was 5.6 per cent. In order to facilitate the weighing of samples, 
all preparations of protein were exposed to the air to absorb 
moisture until an equilibrium was reached. 

The analyses of this preparation, calculated on a moisture- 
and ash-free basis, are given in Table V. 

Globulin Extracted by Sodium Chloride and Fractionally Pre- 
cipitated by Ammonium Sulfate—A sodium chloride extract was 
made as described above and the clear solution was gradually 
made from 0.1 to 0.7 saturated with ammonium sulfate, first 
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experimenting with a small portion of the extract. No precipi- 
tation occurred until the 0.3 saturation point was reached, and 
then only a slight turbidity was obtained which very gradually 
increased on adding each successive fraction of ammonium sul- 
fate to make the solution 0.05 more saturated, until the 0.5 satu- 
ration point was reached, when the precipitate became flocculent 
after standing 18 hours. This precipitate was filtered off and 
washed several times with 10 per cent sodium chloride solution 
made 0.5 saturated with ammonium sulfate. It was redissolved 
in 10 per cent sodium chloride solution, filtered and dialyzed 
for 12 days, washed, and dried as previously described. This is 
Preparation II. The yield based on the meal used was 3.2 per 
cent. 

The 0.5 saturated ammonium sulfate filtrate was then made 
successively 0.05 more saturated until the 0.7 of saturation was 
reached, after which no more precipitate was obtained. A 
slight turbidity occurred at 0.55 of saturation which increased 
as each successive fraction was added, becoming flocculent at 
0.7 of saturation. This fraction was filtered on a folded filter 
paper and redissolved in distilled water. It was filtered clear 
and dialyzed for 12 days. The dialyzed protein was washed 
and dried as previously described. The yield based on the 
meal used was 1.6 per cent. This is Preparation III. 

The analyses of Preparations II and III calculated on the 
moisture- and ash-free basis appear in Table VI. 

We were unable to fix on a decisive separation point and are 
inclined to believe that but one globulin is present in the cohune 
nut. Our belief is strengthened by the analyses of these two 
fractions as compared with the analyses of the globulin obtained 
in Preparations I, IV, and V, the same difference in carbon con- 
tent being evident in the preparations of the globulin as appears 
in the two preparations made by fractional precipitation with 
ammonium sulfate. We were unable to make a further study 
along this line owing to a lack of material. 

Globulin Extracted by Sodium Chloride and Precipitated by 
Direct Dialysis—Two sodium chloride extracts were made as 
before, and the clear extract was dialyzed in parchment bags 
against running chilled water for 12 days. The dialyzed protein 
was washed and dried as described previously in this paper. The 
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yield of protein in each case was 8.57 per cent, based on the meal 


used. 
TABLE VI. . 


Fractional Precipitation of the Globulin by Ammonium Sulfate. 
Calculated on moisture- and ash-free basis. 


Preparation ITI. Preparation III. 
0.5 saturated ammonia sulfate | 0.7 saturated ammonia sulfate 
precipitate. precipitate. 

I II Average. I II Average. 
per cent per cent per cent per cent per cent per cent 
(CC). 6 SeN aE Ae Ree 50.70 Onde 50.72 52.87 SPA 718} 52.80 
epee ws os 6.77 6.84 6.81 7.18 6.99 7.09 
IN 33 70) Oere eee eee 17.64 17.76 17.70 17.63 Ufo C0 17.70 
So. a eee 1.43 1.48 23 1.238 
(OO Se Sn 23.34 21.18 

Noistures saint o: 6.46 7.92 

ANG tice Steps nae coe 1.00 0.90 


* Calculated by difference. 


The analyses of these two preparations (Preparations IV and 
V) calculated on a moisture- and ash-free basis appear in Table 
| (EET 

TABLE VII. 
Direct Dialysis Preparations. 
Calculated on moisture- and ash-free basis. 


Preparation IV. Preparation Y. 

I II Average. I II Average. 

per cent per cent per cent per cent per cent per cent 

(Co a:o:0 eh Otee Ane ee 52.13 52.07 52.10 50.42 50.47 50.45 
lel 4 Soo COE e ed Bae eee 6.75 6.90 6.83 6.90 6.77 6.84 
ITs 015 SoHo See 18.08 17.99 18.04 | 17.86] 17.93] 17.90 
SS Sool eS Bence Eee 1.45 1.45 1.42 1.42 
(Op eS seer 21.58 23.39 

Moisture... .......: 7.90 6.93 


RAEN es aS Vere Syst fo 3.65 3.05 
* Calculated by difference. 


A summary of the analyses of the five preparations is given in 
Table VIII. 
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TABLE VIII. 


Summary of the Analyses of the Cohune Nut Globulin. 
Calculated on moisture- and ash-free basis. 


Preparation No. 


Average. 
I II Ill IV Vv 

per cent per cent per cent per cent per cent per cent 

CONE ARCHES OE Wola tne 52.70} 50.72 | 52.80 | 52.10 | 50.45) 51.75 
FES wyatt iece ts Uae ae 7.05 6.81 7.09 |s 6.83 6.84 6.92 
Nic catiakind dreaded 17.74 |. 17.70 | 17.70 | 18.04) 17.90 |). 1782 
See NS ieee adi Sh awit 1.21 1.438 1.23 1.45]. 1.42 1.35 
Qe tala pen 21.30 |: 23.34 |) 21.18 |) 92158" 28289) | eee 


* Calculated by difference. 


TABLE IX. 
Analyses by the Van Slyke Method. 
Total N regained corrected for solubility of bases (9). 


I II I a 

gm. gm. | percent | percent | percent 

UNC Fete eee Ld Baa Me ie LG OE vanes ta ke (0.037910 .0367| 7.47) 7.53) 7.50 
Humin N adsorbed by lime............ 0.0042/0.0041| 0.83} 0.85) 0.84 
“Nin amy] alcohol extract...... 0.0006)0 .0004 0.12) 0.09) 0.11 

CO StI Mie is an ns Sins cfg ya uate = See a 0.0026/0.0026) 0.51} 0.54) 0.538 
PRSETERIEEIO IN ols terse vo tea are earners 0.1562/0.1506| 30.77) 30.96) 30.87 
EMIS GTOUNOON oe ccna cic oe ese cates 0.0132/0.0127; 2.60} 2.61} 2.61 
iV SIMEWN 32 Bee eke aoe te ere ree ate se 0.0417|0.0373) 8.21) 7.66) 7.94 
Amino N of filtrate. ...................|0.2427|0.2331| 47.81) 47.92) 47.87 
Nonvmige No Ot tliin ates ae per che tart ok 10.0140:0.0088) 2.75) 1.81} 2.28 
Total N regained.................../0.5131/0.4863/101.07] 99.97|100.55 


TABLE X. 


Distribution of Basic Amino-Acids in Cohune Nut Globulin. 


I II Average. 
per cent per cent per cent 
Soy i]s Tan, tie Ae ce, Ame ar 0.79 0.82 0.81 
ATSIC ier SoS 7s hE audchse ae 17.12 17.22 Lhe 
EISHIGUINI OPES cis. «au Sosa «ae eee Lee 1G ny (2 
TS SIIVES: chee pasate n= So obeys, once amine 7.67 7.16 7.42 
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Analysis of the Globulin by the Van Slyke Method—A globulin 
obtained by direct dialysis was analyzed in duplicate, some of 
the determinations on each sample also being done in duplicate. 
The samples weighed 3.1505 and 3.0190 gm. equivalent to 2.8361 
and 2.7177 gm. of moisture- and ash-free samples, respectively, 
containing 17.90 per cent of nitrogen. Sample I contained 
0.5077 gm. and Sample IT contained 0.4865 gm. of nitrogen. 

The protein was dissolved in 100 cc. of 20 per cent hydrochloric 
acid and hydrolyzed by boiling the solution under a condenser 
for 36 hours. The phosphotungstates of the bases were decom- 
posed by the amyl alcohol-ether method (11). The results are 
given in Tables IX and X. The figures for cystine are undoubt- 
edly low since this amino-acid is slowly decomposed in boiling 
hydrochloric acid. 

TABLE XI. 


Free Amino Nitrogen of Cohune Nut Globulin Compared with the Lysine 
Nitrogen. 


Ratio of |, One-half 


Total Nin | N gasfrom ; Tempera- | Amino Nin lysine N b 
2 ce. 2 ce. Pressure. ture. 2 ce. Smo N to vai Syke 
total N. ieEHoR 
mg. cc. mm. BOE mg. per cent per cent 
13.28 On5 (ole 24.0 0.419 3.16 3.97 
13.28 0.83 761.2 24.5 0.463 3.48 


Free Amino Nitrogen of the Globulin Compared with the Lysine 
Nitrogen.—In order to determine the ratio between® the free 
amino nitrogen of the unhydrolyzed globulin and the lysine 
nitrogen content as determined by the Van Slyke method, about 
2 gm. of the wet globulin used in the Van Slyke analysis were 
dissolved in 0.1 N sodium hydroxide solution and made up to — 
25 ce. Two 2 ec. portions of the solution were used for the free 
amino nitrogen determinations, using Van Slyke’s micro appa- 
ratus (12). Total nitrogen was determined on 5 ce. aliquots and 
the results were calculated to the basis of 2 ee. Diphenyl ether 
was used to prevent foaming and corrections were made for the 
reagents used. The free amino nitrogen found agrees fairly 
well with one-half the lysine nitrogen as determined by the Van 
Slyke method. The results will be found in Table XI. 
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Distribution of the Nitrogen in the Globulin—The distribution 
of the nitrogen in the globulin was calculated from the results 
obtained by the Van Slyke method, the calculation being com- 
parable with analyses obtained by Hausmann’s modified method 
(8). The distribution of the nitrogen is shown in Table XII. 

TABLE XII. 


Distribution of Nitrogen in Cohune Nut Globulin. 


Globulin precipitated by dialysis. 


I II Average. 
per cent per cent 1\* per 
TNT ahG Ve ek ope ete Choe ce I, eae nen cae 1.34 116335) 1235 
FENIIMATION Sh ae te ee leo ce ee 0.17 0.17 0.17 
BeBe ex soe haste said sere She fk a 7.18 7.10 7.14 
INON=DARICMISELEL Gioretc Fs eeccloes 9.41 9.27 9.34 
Ht Day re) Nokes es el eat eam apes A 18.10 17.89 , 18.00 
SUMMARY. 


1. The globulin of the cohune nut has been isolated and 
analyzed, and a trace of albumin has been shown to be present 
in the nut. 

2. The analyses of the globulin reveals a close similarity 
between it and the globulin of the coconut. 

3. The basic-amino-acids of the globulin were determined by 
the Van Slyke method and the distribution of the nitrogen 
(Hausmann’s) was calculated from these results. 

4. The analyses indicate that the cohune nut globulin contains 
all the basic amino-acids known to exist in proteins, being high 
in arginine and lysine. Tryptophane is also present. 

5. The free amino nitrogen in the globulin has been deter- 
mined and has been found to agree fairly well with one-half the 
lysine nitrogen as determined by the Van Slyke method. 
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EXPLANATION OF PLATE l. 


Fig. 1. The cohune nut, Attalea cohune Martius. Natural size. 
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CONTRIBUTIONS TO THE BIOCHEMISTRY OF 
IODINE. 


III. THE COMPARATIVE EFFECTS OF THYROID AND IODIDE 
FEEDING ON GROWTH IN WHITE RATS AND IN RABBITS.* 


By A. T. CAMERON anv J. CARMICHAEL. 


(From the Department of Biochemistry, University of Manitoba, Winnipeg, 
Canada.) 


(Received for publication, October 13, 1920.) 
INTRODUCTION. 


This investigation was carried out during the winter and spring 
of 1919-20. It was commenced with the idea of determining 
definitely whether thyroid feeding had any effect on growth in 
young animals,! and the earlier experiments dealt only with this 
one problem, and the comparative effect of iodide. In subse- 
quent experiments observations were also made on the degree of 
hypertrophy produced in certain organs. 

t 

E. R. Hoskins (1916) has summarized the earlier literature relating to 
both problems. In determining the effect on gross weight the majority of 
earlier observations are on adult animals only. The following refer to 
growth in young animals: 

Moussu (1899) found that small doses of thyroid stimulate the rate of 
growth in young dogs, but that large doses are toxic. Bircher (1910) fed 
thyroid to young rats, and obtained a retardation in growth and body 
weight, but an acceleration in the process of ossification. Schafer (1912) 
noted in young white rats fed thyroid gland an increased food consumption, 
increased metabolism, and acceleration of growth. Fordyce (1912) observed 
a decrease in rate of growth. Gudernatsch (1912-13, 1913-14) found that 
administration of thyroid to tadpoles retarded growth, but hastened meta- 
morphosis. 


* A preliminary note, outlining the results arrived at in this investi- 
gation, has been communicated to the Physiological Society (England). 

1 Some preliminary and not very exact experiments by A. T. Cameron 
and T. D. Wheeler in this laboratory in 1914-15 had not yielded definite 
results. 
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Hoskins himself used white rats for his experiments. His results, based 
on average figures for a number of rats, do not show any definite effect of 
thyroid feeding on the rate of growth; the growth curves were approxi- 
mately the same as those from the average figures for a series of controls 
from the same litters. He pointed out that the normal growth of the 
albino rat shows material variation, not only in different strains and 
under different conditions of environment, but even among litters when all 
conditions are kept as nearly constant as possible, so that in all such tests 
experimental and control animals should be selected of the same sex and 
from the same litter. He used both fresh gland and recently desiccated 
gland without any noticeable difference in result. The dose given every 
2nd day varied from 10 mg. of desiccated (or 40 mg. of fresh) to 200 mg. 
of desiccated calf thyroid gland in different experiments. 

Herring (1917, b) used white rats, carefully comparing thyroid-fed and 
control animals from the same litter and of the same sex. Fresh ox thyroid 
(0.1 to 0.2 gm.) was fed daily. A slight decrease was observed in the rate 
of growth of male rats. With females, more variable results were obtained. 
They appeared to be more susceptible to the treatment, but the average 
gain in weight differed very little from that of the controls (cf. also Herring 
(1919)). 

Hewitt (1920) has just published the results of two series of similar 
experiments. One was on adult rats. In the second he claims to have 
obtained a decrease in growth rate, but gives no details of experimental 
observations on controls, although he indicates that such were made. 

(Compare also the results of Iscovesco with a specific preparation, 
noted below.) 


The discrepant results just recorded are in our opinion due to 
two sources of error: the first, non-comparison of every experi- 
mental animal with a control from the same litter kept rigidly 
under the same conditions (this source of error was excluded by 
Herring) ; the second, the variability of dosage. It seems natural 
to infer that a fixed dose, given over a long period to a rat of 
constantly changing weight, and to a series of rats of different 
initial weights, would not produce comparable effects; this 
method of dosage has been employed, however, by almost all the 
investigators of this problem. We have used a dose based rigidly 
on and bearing a constant ratio to the body weight of the animal 
at the time of administration, and have achieved concordant 
results. 

The literature concerned with the second problem will now be 
outlined. . 
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R. G. Hoskins (1910) fed daily for 15 days varying amounts (5 to 15 
mg.) of thyroid to eighteen young guinea pigs. The adrenal glands aver- 
aged 25 per cent heavier than those of the same number of controls. 
Iscovesco (1913), using a lipoid preparation from thyroid (the part of the 
petroleum-ether extract insoluble in acetone), and experimenting with 
young rabbits, claims to have obtained a marked acceleration of general 
growth with young animals (initial age 45 days), and a slight decrease in 
growth rate with older animals (initial age 45 months). 2 months treat- 
ment with a dose of this preparation of 0.01 to 0.02 gm. per kilo of animal 
per day caused marked hypertrophy of adrenals, spleen, thyroid, testes, 
uterus and ovaries, a distinct effect on the heart and kidneys (the latter in 
females only), and no effect on the liver. His results are not in good 
agreement with those of subsequent workers, and Fenger’s (1916) work on 
the phosphatide content of thyroid throws doubt on the lipoid nature of 
his preparation. 

E. R. Hoskins (1916), in the experiments already described, found that 
thyroid feeding produced a decided hypertrophy of the heart, liver, spleen, 
and adrenal glands (especially in males), a somewhat more uncertain and 
less extensive increase in the weight of the alimentary canal and pituitary 
(male), and possibly in the skeleton, testes, and epididymi, and a de- 
crease in the weight of the (female) pituitary. On the other hand, feeding 
with thymus, pineal, or pituitary produced no marked or constant change 
upon the growth rate of the body or organs. 

Similarly R. G. and A. D. Hoskins (1916) found that the only effect of 
this nature from feeding adrenals to white rats was hypertrophy of testes, 
and in some cases hypertrophy of ovaries. 

Kojima (1916) found that the pancreas hypertrophies; he described the 
occurrence of numerous mitotic figures in the nuclei and alterations in the 
granules of the cells. 

Herring generally confirms Hoskins’ results. Thyroid feeding produces 
enlargement of the adrenals, heart, liver, spleen, testes, and ovaries, no 
constant change in the thymus, and a decrease in size of the (female) 
pituitary. The pancreas is enlarged (confirming Kojima), while the thy- 
roid glands are decreased in weight and show signs of relative inactivity. 
Herring especially draws attention to the marked hypertrophy which may 
occur with heart and kidneys. While Hoskins thought that the hyper- 
trophies may be ascribable to the general increase in metabolism in the body, 
Herring takes the view that the adrenin output is compensatory to the thy- 
roid, more especially in its action on the circulation, and the combination 
of these factors along with the increased metabolism may be the cause of 
the great hypertrophy of heart and kidneys. 

Herring (1915-16, 1917, a) had previously shown that the adrenin 
content of the adrenals was increased. Kuriyama (1918) was unable to 
find an increase either in the size of the gland or in the adrenin content. 
Hewitt (1920) criticizes his method, and confirms Hoskins and Herring 
with respect to the adrenals, heart, liver, and spleen, and Herring with 
respect to the diminution in size of the thyroid. He finds that the pitui- 
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tary hypertrophies in the majority of cases (male rats). He uses for com- 
parison figures Donaldson’s (1915) collected data, a method open to some 
objection, as Hoskins has pointed out. He considers further that his 
results indicate that the abnormal condition is probably temporary, and 
that a return, perhaps incomplete, to normal proportions is indicated after 
cessation of thyroid feeding. 

The loss of fat as a result of thyroid feeding is well known. Both 
Hoskins and Herring noted it in all their experiments, and this loss was 
considered to balance the organ hypertrophy and so mask any total weight 
changes. 

Cramer and Krause (1912-13) found that, if cats and rats were fed 
thyroid, in 2 or 3 days glycogen completely disappeared from the liver, 
even on a rich carbohydrate diet, and this observation has been confirmed 
by Kuriyama and others. Kuriyama was unable to observe this loss of 
glycogen in the frog. 

We are unaware of any experiments with iodides similar to thoae de- 
scribed above with thyroid. 

It has been repeatedly shown that the iodine content of the thyroid is 
easily influenced by iodine in the diet, whether fed as inorganic or organic 
‘iodine, or as thyroid itself.2. Fordyce showed that after thyroid feeding 
the vesicles of the thyroid of the rat were distended with colloid. Kojima 
(1917) obtained this result both after administration of thyroid and of 
sodium or potassium iodide. The epithelial cells lining the vesicles are 
flattened. MHerring’s findings are not exactly in agreement. 


EXPERIMENTAL RESULTS. 


The animals employed were white rats and rabbits. In all, 
forty male and seventeen female rats were used. Of these, 
thirty-one males, and sixteen females were from nine litters; 
seven controlled experiments were carried out with thyroid, and 
four with sodium iodide. The initial age of feeding varied from 
40 to 60 days. The remaining ten animals were of different 
ages and from different litters, and were used in a specific experi- 
ment to induce tetany by feeding large thyroid doses. Most of 
the litters were born and reared in the Department; some were 
purchased locally when still quite young. 

Previous to treatment, the rats were isolated in small cages, 
groups of such cages being kept side by side. The rats were 
weighed to the nearest 0.5 gm. each morning before food was 
given. Except in the first experiment, unlimited bread and 


2 See, for example, Baumann and Goldmann (1896), Roos (1899), and 
Simpson and Hunter (1911). 
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milk were fed throughout. The dried thyroid was weighed to 
the nearest milligram, mixed with flour (except where indicated), 
made up into a thick paste with water, and fed on a watch-glass 
before other food and immediately after weighing. After the 
1st day it was always eaten greedily and completely, so that the 
error from wastage can only amount to a small per cent. The 
» dosage was, in different experiments, 1 mg. of dried thyroid to 
20, 10, 5, and 2 gm. of the actual body weight at the time of feeding 
(1: 20,000; 1: 10,000; 1: 5,000; 1: 2,000). 

Three thyroid preparations were used: the first a Merck 
(Darmstadt) preparation at least 9 years old, containing 0.39 
per cent of iodine (termed below Thyroid A); the second a hog 
thyroid preparation containing 0.34 per cent of iodine (termed 
Thyroid B); and the third a sheep thyroid preparation containing 
0.18 per cent of iodine (termed Thyroid C). The two latter were 
prepared in December, 1919, and were obtained from the Armour 
laboratories through the kindness of Dr. F. Fenger. 

In order to control any toxic effects of the thyroid preparations, 
not due to the specific nature of the tissue, ox liver, purchased 
locally, and dried at 100°C. without any previous aseptic or 
antiseptic precautions, was fed in amounts equal to the thyroid 
dose in a number of experiments, until it became evident that 
no different effect was observable with these controls, and with 
controls fed solely on bread and milk. 

Sodium iodide was used on account of the non-activity of the 
sodium ion. Dilute solutions were employed of such strength 
that not more than 1 or 2 cc. were required to give the requisite 
dose. This was measured with a graduated pipette, mixed with 
flour to a thick paste, and given on a watch-glass as usual. 

At the conclusion of each experiment the animals were killed 
with chloroform, the organs dissected, the larger weighed imme- 
diately, and the smaller transferred to closed weighed glass vessels 
for subsequent weighing. Where indicated below, one thyroid 
lobe was transferred to corrosive sublimate, and after hardening 
was sectioned and stained with hematoxylin-eosin for histological 
examination. The other lobe, or the whole thyroid, was dried 
at 100°C. for dry weight determinations. Attempts to estimate 
the small amounts of iodine in the single lobes by the Kendall 
(1914) method were not very successful and were abandoned. 
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In some of the later experiments Kendall’s recent modification 
(1920) was used with successful results. 

The tables show the body weights on every 3rd day. The 
daily weighings give somewhat less regular curves, probably 
largely owing to room temperature variations from the extreme 
climatic conditions. Since these were the-same for control as 
for treated rats, they can be neglected. 

In a few cases, where thyroid-fed rats died suddenly, and the 
controls were being used for other treated rats from the same 
litter, organ weights are given in the tables for comparison, taken 
from Donaldson’s averages. 

In one experiment five rabbits from one litter, born in the 
Department, were used. They were isolated into separate 
cages, handled, and weighed daily for some time before treatment 
commenced, as it was found that initially this handling appeared 
to affect them considerably. Their diet consisted of unlimited 
oats, hay, and green stuff. When their growth rate became rela- 
tively constant they were fed each morning dry thyroid mixed 
with dry ground oats, immediately after weighing and before 
other food was given. They soon became habituated to this 
treatment, and the thyroid was consumed with very little loss. 
At the end of the experiment they were killed and examined in 
the same way as the rats. 


Experiment 1.—Thyroid A; 1:20,000; rats. Litter of four rats, two male 
and two female, born August 12th, 1919. Previously to the 39th day 
the diet consisted of oatmeal and household scraps. On the 39th day 
thyroid was fed with ground oatmeal to one male and one female, and the 
diet of all four was restricted to oatmeal and water. The diet showed a 
vitamine deficiency. On the 45th day green food was given in addition, 
and on the 49th day the diet was changed to bread and milk and 20 mg. of 
oatmeal in all cases. The control male rat was fed an amount of dried 
meat equal to thyroid from the 39th to the 70th days, and subsequently 
dried powdered ox liver. The control female rat was fed only the 20 mg. 
of oatmeal corresponding to that mixed with thyroid, in addition to the 
bread and milk. The figures for body weight are given in Table I. 

Experiment 2.—Thyroid A; 1:20,000; rats. A litter of eight, five male 
and three female, born September 12th, 1919. Diet, unlimited bread and 
milk. Thyroid feeding was commenced on the 39th day. Two male con- 
trols were fed on liver corresponding in amount (1:20,000), and one male 
and one female control were given 20 mg. of oatmeal. All thyroid and 
liver doses were given with 20 mg. of oatmeal. The body weights are given 
in Table ITI. 
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The figures for dry thyroid in parentheses were calculated from those 
found for a single lobe. No. 1 was found dead on the 69th day. Macro- 
scopic examination showed no obvious cause. 


TABLE I. 
Male. Female. 
Age. SS See 
ees Control. Pee Control. 
days gm. gm. gm. gm. 
39 60.5 65 55 55.5 
42 51.5 62 52 D520 
45 54.5 61.5 49.5 53.5 
48 54.5 60.5 50.5 56 
51 61 76 57 66 
54 15.9 80 67 76.5 
SY 84 82.5 70 81 
60 92.5 95 eee) 80 
63 96.5 98.5 80 86.5 
66 102 113.5 85 90 
69 104 118 89 96 
72 108.5 125 88 102 
75 ee 130 96 102.5 
78 116 137 90 104.5 
81 124 144.5 95.5 108 
84 126 143.5 105 11.5 
87 136.5 148 1038.5 116 
90 146 158 114.5 117 
93 144 166.5 113 121 
96 148 169 115 125.5 
99 153 171 120 129 
102 56555 hia 126 133.5 
105 159 186 134.5 135 
108 162 190 136 135.5 
111 163 191 136 132 
114 174 194 144 135 
115 170 198 146 139 
Weight increase. 
Dit SRGLAN Gries Sn atts Slee art sels oe 23.5 17.5 15 25.5 
C2 Big 5 ais a ee ae ee eer ee 50.5 65 41 47 
STD EN es ee 102.5 126 81 76.5 
bhivroidstreshh se sitet. cea cc. sees 0.0099} 0.0203} 0.0100) 0.0126 
se (6 Dre ey eyed the cee ORO Rae eae 0.0035) 0.0044) 0.0031) 0.0028 
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Nos. 6 and 8 at the end of the experiment were killed, minced, and an 
ether extract was made. No. 6 yielded 8.5 and No. 8 14 gm. of ether- 
soluble material. ge 

Experiment 3.—Thyroid A; 1:10,000; rats. A litter of two female rats, 
born October 11th, 1919. Thyroid fed with 20 mg. of oatmeal commencing 
on the 39th day; control animal fed 20 mg. of oatmeal. The body weights 
are given in Table III. 


TABLE III. 


Age. Thyroid ied. oe 
days gm gm 
36 45 45.5 
39 53 53 
42 55 57 
45 60.5 67 
48 63 70 
51 68 (ono 
54 71 78 
ay / 74 84 
60 76 88.5 
63 88.5 94.5 
66 95 101.5 
69 100 107 
72 99 108.5 
ao 103 110 
78 107 118 
79 103 119 
Weight increase. 
NAN S MCR A VS 5's chars Ble eee ei ee Oe ees ee 21 31 
2 SU hry ae ee ayant ie he Miia he ene gd eg 50 Ot 
pecieen Sregh =) cas S03 beeen 0.0086 0.0087 
ae CLISY:.2 ot 212 tee Re Ee 0.0024. 0.0022 


Experiment 4.—Thyroid A; comparison of different dosages. A litter 
of three males and three females, born November 16th, 1919. Thyroid 
(mixed with flour) was fed from the 58th day. The controls were fed on 
bread and milk only. The body weights are given in Table IV and the 
organ weights in Table V. 

The male rat fed a large thyroid dose was found dead on the 76th day 
(18th day of treatment). No definite cause was apparent. The female 
rat fed similar dose was found dead on the 80th day (22nd day of treat- 
ment). The cecum contained a small pebble. The rat had escaped from 
its cage for a few hours 3 days previously. 
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Experiment 5.—Comparison of different thyroid preparations. The 
litter consisted of five males and two females, born on January 5th, 1920. 
The females were used for iodide tests (see below). Allthyroid doses were 
one-five thousandth of body weight, and were fed with flour. One control 
rat was fed equivalent amounts of dried liver, also given with flour. A 
second control was given bread and milk only. Treatment was com- 
menced on the 46th day. The body and organ weights are given in 
Table VI. 


TABLE IV. 
Male. Female, 
Age. ; : Sa Sa 
4:8.000- | 1:39,000. | Control. | TP¥5p6" | :by;oa0, | Control. 
days gm. gm. gm. gm. gm. gm. 
55 85 81 82 78 74 a 
58 92 89 88 85 80 83 
61 98.5 95 95 86 85.5 91 
64 103 103 103 88 90 97 
67 104 103 106 86 94 97 
70 105 108 114 88 100 106 
73 108 114 122 88 105 115 
76 107 119 128 87 107 117 
79 119.5 133 84 106 116 
82 126 136 106 122 
85 126 136 106 130 
88 132 146 112, 128 
91 135 152 114 131 
94 129 160 119 135 
Weight increase. 
lintel Sad ayst <2. 3. 15 30 40 2 27 34 
BMS OM ec eee 40 72 39 52 


Experiment 6.—Comparison of different thyroid preparations. The 
litter, born on February 7th, 1920, consisted of six males. Two were 
used for iodide tests. The remainder were treated as in Experiment 5. 
The control was fed bread and milk only. Treatment was commenced on 
the 56th day. Dose 1: 5,000. The body and organ weights are given in 
Table VII. 

No. 1 developed marked and unmistakable tetany symptoms on the 
71st day (15th day of treatment). The spasms were accompanied by 
typical flexing of the fore limbs and paws and dragging of the hind limbs. 
Similar attacks were noticed during the 72nd, 74th, 75th, and 78th days, 
and others were suspected to have occurred at night, from the condition 
of the animal in the morning. During this period the rat exhibited a con- 
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TABLE VI. 
Rat 1. ; Rat 2. ; Rat 3. Rat 4. TG. e 
Se eg’ iret |r| data | coe 
days gm. gm. gm. gm. gm. 
40 73 74 68 66 60 
43 76 81 73 70 65 
46 79 82 76 71 66 
49 81 85 84 82 75 
52 84 89 88.5 88 83 
BS 89 92 90.5 95 86 
58 91.5 94.5 94.5 98 92 
61 95 100.5 99.5 105.5 101.5 
63 95 161 103.5 107 106 
Weight increase. 
Paivedays:.<.--.'.| 16 19 $2725 36 40 
Body length, mm....| 170 | 170 | 180 175 175 
Weight of organs. 
mime tC, 8.79 | 7.90 6.99 5.71 4.99 
iadneys:..:... 0.2. 1558 1.39 1.40 1.10 1.13 
GAM ere. soca s sath: OA 0.66 0.60 0.52 0.61 
NGTNTISSE ets ot os cokes 0.64 0.73 0.58 0.63 0.68 
Micsiesepe soe. fe. 1.86 1.93 1.96 . 2.06 1.88 
SyO 1G, ne eee 0.323 0.316 0.328 0.250 0.281 
PNGMEMAIS. 03.5... 0.025 ~ 0.025 0.021 0.018 0.017 
Thyroid, fresh...... 0.0084 0.0081 0.0077 0.0138 0.0100 
Cz Oly koh (0.0021)} (0.0015)} (0.0018)| (0.0035)|} (0.0027) 
= per cent per cent per cent per cent per cent 
LK 212 oe Ape eee 9.25 7.82 6.75 Fees: 4.71 
IBGIME Vite eee rs ss 1.66 1.38 135 1.04 1.07 
lSiGDitie ph eee 0.76 0.65 0.58 0.49 0.57 
MEME Shee Nee ke 0.68 0.73 0.56 0.59 0.59 
LES a 1.96 1.92 1.89 1.93 Lee 
SIGN cae eee 0.34 0.31 0.32 0.23 0.26 
Adrenals’: so -..:. 0.026 0.025 0.020 0.017 0.016 
Thyroid, fresh...... 0.0089 0.0081 0.0074 0.0129 0.0094 
Gye es: (0.0022)} (0.0015)| (0.0017)| (0.0033)| (0.0025) 


tinuous very rapid heart beat, rapid respiration, was restless, and de- 
There was a gradual 
protusion in front and above the thyroid cartilage, external to the muscular 
coat; pus developed and a scab formed. The tissue surrounding this was 
examined histologically, and appeared to be abnormal lymphatic tissue. 


veloped a rough coat. 


There was no exophthalmos. 
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TABLE VII. 

Thesta’ A; Th Tr La B; meats C; Rat 4. 
= 038% I. ba 0.18% 1. | Control. 
days gm. gm. gm. gm. 
50 50 50 46 50 
53 58.5 56 50.5 56 
56 61.5 61 58.5 63 
59 65.5 63 64 (PAS, 
62 68.5 66 67 80 
65 75 71 76 88 
68 78 75 81.5 96 
fal 79 tide 83 102 
74 76 85.5 92.5 111 
77 79 90 98 122 
80 76 90 103 129 
82 75 93 109 134.5 

Weight increase. 
PRICES TOAVIB voce ee atk Se 14.5 24.5 34 48 

“21 RM ae lle ea are 1330 32 50.5 tLe5 

Body length, mm.............. 146 165 165 185 
Weight of organs. 

LANES", SEE ate Mee te eee ae 7.72 7.64 8.05 8.01 
GGHEMR «2.6 Wai. ho eaetee eS Oe 2.05 1.39 1.41 126 
RCA TEM 255 Soares tie eee 0.61 0.72 0.68 0.60 
GIAO SEE. . <chimcheS buna orton: 0.60 0.65 0.73 0.80 
INEST BRO ae Aes ct 1.67 1.89 2.08 oie 
DDLE RIE irc tr sola tewe emer dee ae 0.230 0.402 0.398 0.330 
PNGREN AIS EL oro aces che lsteh ere tek ec 0.048 0.025 0.022 0.019 
hyo: fresh 3.52). ).. . ces! 0.0058 0.0074 0.0085 0.0125 

s¢ GIRY S50, Sak ee cee (0.0015)} (0.0021)} (0.0028)) (0.0035) 

per cent per cent per cent per cent 

HEVET Mats «22h cabs akin Senn 10.29 8.23 7.39 5.94 
HSU GMOS ss: 43 cht clei ese: 2ele 1.49 1.29 0.94 
Lake CeCe REIS BRC o Bots See 0.81 Onin 0.62 0.45 
VGN See. fs 2s eto ae 0.80 0.70 0.67 0.59 
AROS oc oo Ge ore 22S 2.03 1.91 1.61 
SDICCIMEE Rint. ss.c.0s oak tee 0.31 0.48 OFon 0.25 
‘Adrenal ates tise. adie seks 0.064 0.027 0.020 0.014 
Chyroid: Mresheey ss. aks saath 0.0077 0.0080 0.0078 0.0093 

«eC ie? 2a et eee ee (0.0020)! (0.0022)| (0.0025)| (0.0026) 
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The muscular development was small, compared with the normal animal 
of the group. No. 2 had a rapid heart beat, was restless, developed a 
rough coat, and a doubtful exophthalmos. Towards the end of the ex- 
periment a marked protuberance appeared in a position similar to that in 
the first rat (a pus tumor). The appearance and condition of the other 
two rats were normal until they were killed. 

Experiment 7.—Comparison of different thyroid preparations. An ex- 
periment with a litter of four female rats, born March 15th, 1920. The 
same treatment was given as in the two previous experiments. Thyroid 
feeding was commenced on the 39th day. Dose 1:5,000. The body and 
organ weights are given in Tables VIII and IX. 


TABLE VIII. 
Rat 1. Rat 2. Rat 3. Rate 

Ae See ee) eae a eae 

days gm. gm. gm. gm. 

39 47 40 43.5 36 

42 49 42.5 48 42 

45 5d.) 46 54.5 49 

48 62 53 59 54.5 

51 67.5 61 66 63.5 

54 74 65 73 70 

57 85 73 80 79.5 
‘Weight increase. 

inpliSidavs! a... 38 (81%) 33 (82%) 36.5 (84%) 43.5 (121%) 

Body length, mm.| 156 148 155 150 


Experiment 8.—An endeavor to induce tetany by thyroid feeding. 
Ten young rats from different litters were fed thyroid over a long period. 
An unlimited bread and milk diet was given. The initial ages were not 
known. Feeding commenced May 8th, 1920. The first five were fed at the 
rate of 1:2,000; the second five at 1:5,000. 

No. 1, female, initial weight 51 gm. On the 8th day of feeding thyroid, 
the rat showed symptoms of incipient tetany, on the ninth day appeared 
normal, and on the 10th day had an attack of tetany lasting 3 hours, with 
rapid pulse and respiration, high temperature, and fatal termination. 
The weight at death was 70 gm. The animal was autopsied. The liver 
presented a peculiar mottled appearance, the heart was empty (hard), 
and the blood was chiefly in the periphery. The other organs appeared 
normal. 

No. 2, male, initial weight 57 gm. On the 18th day of treatment the 
animal appeared abnormal. The coat was ragged. There was no distinct 
symptom of tetany. Death occurred on the 19th day. For several days 
prior to death there was a permanent stricture of the penis. Weight at 
death 67 gm. 


Ill 


Biochemistry of Iodine. 


84 


8020°0 69Z0°0 6600°0 GLE0'0 ¥8<0'0 8910°0 Séc0°0 6620 °0 68T0°0 
6&20'0 ¥6z0 0 860°0 | 26z0°0 200° 0 Ge0°'0 =| 79c0°0 1cé0'0 c90°0 
€1é°0 8cr'0 TL4€°0 cer 0 9S7'0 669° 0 696 °0 L8r'0 géo"0 
Os? 'T 9L8°T GE°s 868 T ¥96'T 91% vg9'T TS0'% T6'T 
GéZ0 ¢96°0 PIT 626°0 620 'T Té'T 968°0 680°T at 
LTg°0 299° 0 680 929°0 vOL'0 6I'T P80 orl 0 16°0 
Lv0'T T6e'T STG cIV Tt LLV'T GEG S6r'T 89g T G0'G 
8o°9 cvs 09° TT &9°8 98°8 L8°€1 Or LZ 6é'6 Ly it 
69T 88T SsT 68T o6T c6l SLT 96T 961 
9°OTT Mei) Me; aa $ 09T 1’ 691 O9T € C&T GIST kere | 
“ULB “UB ub “wb “wb “wb “UB “wb “wb 
“FU SIOM OUIBG| "YI duUe] aUIeG “QU S19M 9B] TY suo] oULeG “JYSIOM OULBG|"G}SUI] OUIBG 
a vOut | —wogpeuag | V Prose 
Sifeoce sl eee ‘OL ea Grouesinnn tones 6 eu arnact easamtoney ‘oe 
“X HIaviL 
T2000 400° 0 L€00°0 ¥G00 0 LT00 0 GG00 0 2600 °0 NOD ORS ||: ene ee 
8200°0 0800'0 TOTO’ 0 0400'°0 | z900°0 ¢900'0 FLO0 0 COCO cOD |e ee a 
¥G0'0 c&0'0 1g0°0 0g0'0 || 610°0 920 °0 €Z0' 0 DEO (en? Se Mae 
6€°0 at) y¢'0 vS0 | 808°0 LOV'O G68 0 A 0 J Ti Ri 
8Z°0 68°0 680 ¥6°0 c9 0 120 090 cS) 40 ee aco 
T9°0 69°0 GLO 9L°0 6r 0 c¢o'0 g¢'0 ROY al Ee 
v6 0 We cyt 8é°T GZ°0 elt vO T Fs ieee ame 
£0°S wW'9 ool TZ°9 cO'P org og'¢ 0) ee ge 
quao sad quao Lad quao Lad quad sad “ULB “ULB “ULB “ub 
“POU “€ 8U SVN ‘THU “POU e eY GON T ea 


Ref gots Bo o/2'° OT OAT, 
aprile tint ng Sle Se MERTON 


ote Se Cae a Se Oe 


S62 © Biles @.0.e@ © 6 6 eles 0 $9489], 
ee eee ee eT, 
Se ee OE 
See Aa se kee CS AOS 
CS Cu ey DNC ec rit saci yet tg IOAVT 


“au srem Apog 


“XI ATAVL 


ed Aap ra 


ORC Oa C ONG ro Ysodj ‘prorAy L, 


a Gun evens! € ©) 6 /» die anes s[euoIpy 
mn) ohh ©.@u8, «@ 6) 6)» = oa 6 a8 use[dg 


RR Te ee ae NeECUgT 
a “"V1BOH] 


A. T. Cameron and J. Carmichael 85 


No. 3, male, initial weight 134 gm. Died on the 27th day of treat- 
ment. Final weight 96 gm. The weight fell steadily throughout the 
treatment. There was occasional stricture of the penis after the 17th 
day. No distinct cause of death was noted. 

No. 4, male, initial weight 130 gm. Death occurred on the 30th day, 
from no distinct cause. There was a steady slow fall in weight, the final 
weight being 112 gm. 

No. 5, male, initial weight 115 gm. There was a slow gain in weight. 
On the 32nd day the animal (weight 133 gm.) was killed and examined 
(see Table X). 

No. 6, male, initial weight 78 gm. The weight kept practically constant 
(maximum noted was 84 gm.). The animal died on the 17th day (weight 
78 gm.). There were no symptoms of tetany and no distinct cause of 
death. A 
No. 7, male, initial weight 97 gm. The weight varied between 93 and 
100 gm. for 16 days, and then fell slowly. The animal died on the 28th 
day from no observed cause. Final weight 88 gm. Occasional stricture 
of the penis was noted. 

No. 8, male, initial weight 89.5 gm. Weight kept fairly constant (maxi- 
mum reached, 97 gm.). Death occurred on the 29th day from no definite 
cause. Weight 84 gm. 

No. 9, male, initial weight 115.5 gm. There was a slow increase in weight 
to 160 gm. on the 32nd day when the animal was killed and examined (see 
Table X). The appearance remained normal throughout, except that 
bald patches developed around the eyes. 

No. 10, male, initial weight 115.5 gm. This increased to 128 gm. (11th 
day) and then fell slowly to 112 gm. (32nd day) when the animal was 
killed and examined (see Table X). The hair was somewhat rough. 

It should be remarked further that the examination of No. 5 showed 
the development of numerous small lymphoid glands, especially in 
the neighborhood of the axilla. Several of the animals showed a marked 
inflammation (granulation) of the eyelids. 

Experiment 9.—Sodium iodide. Two male rats from the same litter, 
born September Sth, 1919. The iodide dosage was made equivalent to the 
amount of iodine in the Thyroid A preparation fed in the ratio of 1:5,000 
(1 part of iodine to 1,250,000 of body weight). The initial weights of the 
iodide and control rats were respectively 102 and 99 gm. (66 days old); 
the weights after feeding 36 days were 171 and 169 gm. At no time was 
the difference in weight greater than 7 gm. and it varied in both directions. 

The weights of the following organs were respectively for the iodide 
and control rats: liver, 8.03 and 6.91 gm.; kidneys, 1.45 and 1.28 gm.; heart, 
0.76 and 0.72 gm.; lungs, 0.92 and 0.83 gm.; spleen, 0.53 and 0.45 gm.; thy- 
roid, fresh, 0.0122 and 0.0125 gm.; dry, calculated from one lobe, 0.0037 
and 0.0043 gm. 

Experiment 10.—Sodium iodide. One of two female rats from the litter 
born January 5th, 1920, was given sodium iodide in the ratio of 1 part of 
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iodine to 500,000 of body weight. The iodide was fed from the 46th day. 
Compare Experiment 5. The results are given in Tables XI and XII. 


\ 


TABLE XI. 
Age. Iodide rat. Control rat. 
days gm gm 

40 61 60 

43 65 . 63 

46 67 61 

49 77 68 

52 80.5 70 

55 85.5 73 

58 90 74 

61 94.5 79 

63 100 82 
Body length; mm ,.......056.6- 165 160 

TABLE XII. 
Iodide rat. | Controlrat.| Iodide rat. | Control rat. 
; gm. gm. per cent per cent 
DTA 2S: Be eae Se see etre Nae pare 5.01 3.88 5.01 4.73 
ismeyee os... c2ets Sean we ake 1.12 0.89 1.12 1.08 
EV evans ie eeisrois,« Wetec ay doce erniele te 0.60 0.45 0.60 0.55 
Daas. 5 40 508 he ae eee 0.65 0.55 0.65 0.67 
SS DLCCH Ser 2, «1: akeminia sorter eens 0.254 0.227 0.25 0.28 
Ndrendice. <> i wet.m septic: 0.023 0.019 0.023 0.023 
Php. fresh: 2: ys 8he = hide 0.0090 0.0092 0.0090 0.0112 
id Oty: Mice. be here (0.0019) | (0.0018) | (0.0019) | (0.0022) 


The control rat during this period did not appear to be perfectly normal, 
and did not take food well. 

Experiment 11.—Sodium iodide. Two of the six rats born February 7th, 
1920 (see Experiment 6), were fed different doses of iodide, and the same 
control was used as for those fed thyroid. Feeding was commenced on the 
56th day. The results are given in Tables XIII and XIV. 

Experiment 12.—Sodium iodide. A litter of eight rats, males, born 
April 6th, 1920. Two rats (Nos. 1 and 2) were used as controls, two were 
fed iodide at the rate of 1 part of iodine to 50,000 of body weight (Nos. 3 
and 4), two at the rate of 1 of iodine to 25,000 (Nos. 5 and 6), and two at 
the rate of 1 of iodine to 12,500 (Nos. 7 and 8). Feeding was commenced 
on the 41st day. The results are given in Table XV. 

The thyroid material from each pair of rats was united and the iodine 
estimated by Kendall’s (1920) method. The results are givenin Table XVI. 
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TABLE XIII. 


Age. er at 00,000. Control rat. 
days ; gm. gm. gm. 
50 54.5 DIS 50 
53 59.5 56.5 56 
56 68 62 63 
59 “75 71 72.5 
62 83 74.5 80 
65 92 85 88 
68 98 93 96 
7a 105 97 92 
74 114 105 111 
77 120 etesers 122 
80 126.5 iiies 129 
82 131 123 134.5 
Weight increase. 
HATA SAC ELVIST phic ee rapa sioretcer okies cious rales 46 43 58 
“ODI gah ae a Oe ees MERRIER ora or 63 61 (Abe's 
ipauy length, mm... 2... 2256s. ee 170 180 185 
TABLE XIV. 
Rabie: | Rat 2°. || Controle) Sp ew al mapae | eee 
gm. gm. gm. per cent | per cent per cent 
Wivicle ne ce oa sence. 6.44 ° | 6.54 8.01 4.92 D.o2 5.94 
KGAMEY Sit. cies cs 1.19 1.10 1.26 0.91 0.89 0.94 
LEHI. che A Dn Ee 0.54 0.58 0.60 0.41 0.47 0.45 
ITER opie ene 0.81 0.68 0.80 0.62 0.55 0.59 
‘SJO: Ko le ant a 0.299) | O23808= X02 3308 hO2 23 0.25 0.25 
NESTS Ue aati es ss exces PEA Dae, Dealt 1.73 1.80 1.61 
Adrenals.............| 0.027 | 0.024 | 0.019 | 0.021 | 0.020 | 0.014 
ihyroid., fresh: :.... . 0.0129 | 0.0140 | 0.0125 | 0.0098 | 0.0114 | 0.0093 
. diveeres-e- (0.0043) | (0.0042)| (0.0035) )| (0.0033) | (0.0034)| (0.0026) 


Experiment 13.—Rabbits; Thyroid A; 1:5,000. Litter born March 29th, 
1920. Five survived; three. males, and two females. Thyroid feeding 
commenced on the 50th day. The thyroid was mixed with oatmeal. The 
control female appeared abnormal on the 83rd day, and died on the 87th 
day. There was apparent paralysis of the hind limbs. Examination after 
death showed an abnormally distended bladder, very distended stomach, 
and an apparently abnormal spleen. The other animals appeared normal. 
They were killed on the 87th day. The results are given in Tables XVII 
and XVIII. 
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TABLE XVI. 
Material. ae Iodine found. 
gm. gm, per cent 
Thyroids from Rats 1 and 2........... 0.0074 | 0.0000061 0.08 
s < SS iy Goh eh ie cities too 0.0080 | 0.0000258 0.32 
es ce Con ADT) aOn see Phe isiviey 0.0079 | 0.0000214 0.27 


i * cht PE pee eS Seon 0.0064 | 0.0000170 0.27 


Histological Examination. 


Where in the tables figures for dried thyroid are given in 
parentheses, one lobe was transferred fresh to corrosive sublimate, 
sectioned, and examined histologically. Professor Swale Vincent 
kindly reported on these sections. He found that in every case 
not only had colloid distended the vesicles, but that the lym- 
phatic vessels outside the vesicles, and the intervesicular tissue 
were also distended with colloid; that, in fact, the colloid had 
overflowed. Small doses over long periods produced effects com- 
parable with larger doses over a short period, and the effects of 
administration of sodium iodide were the same as those of admin- 
istration of thyroid. 

In Experiment 5, liver, kidney, heart, lung, testes, spleen, and 
adrenal sections were made from No. 2, fed thyroid containing 
0.34 per cent of iodine. These showed no observable difference 
from sections from the corresponding organs of the control rat. 


DISCUSSION. 


Results for Normal Rats. 


The gross weights and body lengths show in individual cases 
marked differences from Donaldson’s figures, though the average 
results agree moderately well. The organ weights, where meas- 
ured, show distinct deviations from Donaldson’s tables, as shown 
in Table XIX. 

The differences for the spleen, which indicate variations both 
above and below the averages recorded for animals of the same 
age, weight, and body length, can be taken as typical also of the 
figures for liver, heart, kidneys, and lungs. In the case of the 
testes our figures appear to be distinctly higher than Donaldson’s. 
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TABLE XVII. 
Rabbit 1; | Rabbit 2; | Rabbit 3; | Rabbit 4; | Rabbit 5; 
Age. male. male. male. female. female. 
; Thyroid. | Thyroid. | Control. | Thyroid. | Control. 
days gm. gm. gm. gm. gm. 
38 297 324 335 313 267 
44 307 363 345 330 298 
50 330 379 351 339 309 
56 335 374 420 320 - 383 
62 355 395 463 260 409 
68 425, 472 535 344 469 
74 455 498 559 379 482 
80 488 511 603 390 517 
86 554 561 639 410 524 
87 543 567 658 415 (490) 
Weight increase. 
IeMAS SYS... (04-45 95 93 184 5 160 
SSE ae Ei 224 182 288 71 215 
Body‘length, mm........ 300 315 330 325 280 
Weight of organs. 
LANGE 2 cee BO BTe Cen Sas 29 .29 25.94 26.57 25 .94 21.40 
Kadneyss. 5... ..-. Se TR 5.44 5.44 5.56 4.46 Oma 
ELD 5 56 SRO aE 230 2.67 1.66 2230 2.35 
ICV ¢ eRe OO eDiaE Dither 3.86 3.93 3.92 2.67 2a) 
MESES HSE Sasi sreteuessarne 0.082 0.061 0.168 
(Dn eas ete ere) 0.030 0.033 
SS DICCNEE eso. ceases oe 0.301 0.294 0.298 0.239 0.102 
PNCIRETIALS Rtas cee sone ese 0.174 0.134 0.189 0.124 0.190 
SAMCTE ASH Rise << th be esot 1.071 0.907 1.078 0.743 0.582 
mibyrord, fresh... 4. as. 0.0313) 0.0450) 0.0456) 0.0304) 0.0325 
ce Cnet Noiarsvd ier 0.0133} 0.0203) 0.0174) 0.0124; 0.0130 
per cent per cent per cent per cent per cent 
VOT APs Satas Sieneiede 5.39 4.58 4.04 6.25 4.04 
KOC in@ySion aoe eee nee 1.00 0.96 0.84 OM 0.97 
IEG. eh ane e eae 0.43 0.47 0.25 0.56 0.44 
LTTE Oe a A Owl 0.71 0.60 0.64 0.44 
MeShesmetres sir: cerdees's 0.015 0.011 0.025 
A VATIES Ae oe 6 soe re eas 0.0072} 0.0062 - 
SUIS OES Aaltide B.C Orcaee 0.055 0.052 0.045 0.058 0.019 
PNCIBETIAISHS | facies es ees 0.032 0.024 0.029 0.030 0.036 
HAM CLEA Heo sicteia iene 40 Peee 0.20 0.16 0.16 0.18 0.11 
Mhyroidsfreshe.s..2.c..- 0.0058} 0.0079) 0.0069} 0.0073) 0.0061 
ss GRY ecercs 0.0025} 0.0036) 0.0026) 0.0030) 0.0025 
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The discrepancy becomes more marked with the adrenals,’ all of 
lower weight, and still more marked with the thyroids, the 
weights of which are only from one-third to one-half those of 
Donaldson’s rats. These discrepancies may to some extent be 
due to differing diets. In regard to the adrenals it is now defi- 
nitely proved (McCarrison (1919), Vincent and Hollenberg 
(1920)) that inanition causes marked hypertrophy. Such 
hypertrophy is also very distinct with thyroid feeding, and it is 
possible that other diet modifications may also cause changes. 
The thyroid discrepancies are more difficult to explain. Hoskins 
and Herring also obtained lower normal figures. 


TABLE XVIII. 
Estimation of Iodine Content of Thyroids. 


Material. Amount Todine found. 
gm. gm. per cent 
“Eberoids of Rabbit 1...0.....22-.078- 0.0133 | 0.0000293 0.22 
= oe Dee acid Hate Bee: 0.0203 | 0.0000642 0.32 
S sé SEE Seed SHIT 0.0174 | 0.0000682 0.39 
a oe Oo ye eeeene Ts nes Sete 0.0124 | 0.0000350 0.29 
id on SO iStan 8 ob oe 0.0130 0.0000476 (O76 


No clue is afforded from these figures as to whether compari- 
sons should be made more appropriately with rats of the same 
age, welght, or body length. It is quite evident that wherever 
possible control rats of the same age from the same litter must 
always be used. Even with such animals distinct variations are 
evident, and it is also obvious that where there is a marked 
slowing of growth comparison of the actual weights of organs 
may lead to an incorrect conclusion. We consider that the 
comparisons least likely to lead to error are those of figures 
expressing percentage of organ weight to total body weight for 
animals of the same age although there will be with these an 


’The adrenal figures are not included in the table. The following, 
for the control rat from Experiment 12, can be taken as typical: weight 
0.023 gm.; Donaldson’s figures, same ore 0.0264 em, same weight 0.0264 
gm., same length 0.0300 gm. 
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error of a small per cent for thyroid-fed animals from fat loss 
(compare Experiment 2). No great stress can be laid on the 
comparisons with Donaldson’s figures in Experiment 8 since the 
ages of the animals were not known. 


Effect of Thyroid Feeding on ‘Total Body Weight. 


Under the conditions of experiment adopted, in each of the 
seven experiments on rats, and that on rabbits, a distinct and 
marked decrease of growth rate is shown without exception, when 
animals are fed thyroid gland. This decrease is greater than 
any variation between animals in the same litter. The effect is 
usually perceptible after 2 or 3 days feeding. With prolonged 
feeding of small doses (Experiments 1 and 2, females) the body 
weight tends to become normal again. This is probably due to 
the fat loss (and perhaps the total loss through the decreased 
growth rate) becoming balanced by the hypertrophy of certain 
organs (Experiment 2 indicates a fat loss of about 4 per cent of’ 
the body weight). Large doses tend to inhibit growth completely 
(Experiment 8). 

The same decrease in growth rate occurs in rabbits. 

This decrease is not to be attributed to any toxic effect of 
thyroid other than that specific to thyroid tissue itself, at any 
rate with doses not greater than one-five thousandth of the body 
weight, since the equivalent amount of liver tissue, dried by 
methods certainly not more careful to exclude autolysis etc., 
produces no such effect. 

The decrease in growth rate is definitely greater the greater 
the amount of thyroid fed (Experiment 4), but in order to show 
this it is necessary to use animals from the same litter (compare 
Experiments 2 and 3). 

Analysis of the results detailed above does not indicate marked 
difference between females and males in susceptibility to thyroid 
feeding (cf. Herring). . 

The decrease in growth rate is greater the greater the iodine 
content of the thyroid fed (Experiments 5 and 6; Experiment 7 
does not show this so accurately for the gross changes, but this 
can almost certainly be accounted for by the greater differences 
in initial weight; the percentage increases in weight are not in 
disagreement with the conclusion). 


58 70 82 
Days 
Fig. 1. Experiment 4. The heavy lines represent weights of rats dosed 
in the ratio of 1:5,000, the light lines those for the ratio 1:20,000, and the 
dotted lines those for control rats. 


Thyroid feeding was commenced where indicated by the vertical dotted 
line. 


Gm. 


120 


100 


80 


60 


40 


56 68 80 
Days 


Fig. 2. Experiment 6. Rat 1, fed thyroid containing 0.38 per cent 
iodine; Rat 2, fed thyroid containing 0.34 per cent iodine; Rat 3, fed 
thyroid containing 0.18 per cent iodine; Rat 4, control rat. 

Thyroid feeding was commenced where indicated by the vertical dotted 


line. 
95 
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Fig. 1 illustrates the effect of dosage on the extent of decrease, 
and Fig. 2 the effect of iodine content of the thyroid fed. 


Effect of Thyroid Feeding on Body Length (Snout to Anus). 


There is usually, but not invariably, a decrease in body length. 


Effect of Thyroid Feeding on the Liver, Kidneys, Heart, Spleen, 
Lungs, Testes, and Adrenals. 


The livers of nine rats out of eleven (Experiments 4, 5, 6, and 
7) show a distinct hypertrophy from comparison of the actual 
weights. Expressed as percentages, the figures emphasize the 
hypertrophy, and those of the remaining two rats conform. The 
figures (actual weight) for kidneys show an increase in every 
case. There is one exception for heart, and one for spleen; 
expressing these in percentages brings them into agreement. 
The adrenals invariably show an actual increase (nine rats, 
Experiments 5, 6, 7; no accurate observations were made in 
Experiment 4). The figures for testes and lungs are less in 
accordance, but the percentage figures in most cases indicate a 
relative hypertrophy. The extent of the hypertrophy is evidently 
less for these two organs. The somewhat greater extent of gen- 
eral hypertrophy obtained by Herring would appear to be due to 
longer feeding with larger doses. Our figures, correlated with 
those of Hoskins, of Herring, and of Hewitt, lead to the general 
conclusion that the extent of hypertrophy depends on the size of 
dose and the length of dosage period, although variations with 
individual litters are marked. 

Hewitt’s results are open to criticism, since apparently Donald- 
son’s figures alone were used for comparison. Nevertheless his 
conclusion that these organs tend to resume normal proportions 
after resumption of ordinary diet is valid, since it is based on 
observations on rats of the same litter. 

It is probable that Herring’s contention that part at least of 
the thyroid effect is produced through the medium of the hyper- 
trophied adrenal may be correct in as far as the testes are con- 
cerned, since Hoskins (1916) noted that adrenal feeding produced 
hypertrophy of these organs. Since Hoskins’ results indicated 
no effect on other organs, it is probable that the effects on heart, 
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pancreas, adrenals, kidneys, and liver are due directly to thyroid 
action. Herring has pointed out that Hatai (1915) has induced 
similar hypertrophies in rats subjected to a large amount of 
exercise, a treatment which may logically be compared with the 
increase of general metabolic activity now usually regarded as 
the chief function of the thyroid secretion. 

Rabbits showed a relative hypertrophy except for testes, 
ovaries, and adrenals. There was no constant decrease in 
thyroid. The water content of the thyroid, both in normal and 
treated animals, was unusually low. 

The percentage hypertrophies recorded in Experiments 5 and 
6 point to greater hypertrophy with greater iodine content of 
thyroid fed. Experiment 7 only partly confirms this. While 
further experiments are desirable to exclude individual variations 
we conclude that the results indicate that this dependency on 
iodine content exists. The proportionality of the action on both 
growth rate and organ hypertrophy to iodine content, in har- 
mony with other observations on the physiological and meta- 
bolic action of thyroid preparations, is to be expected if thyroxin 
is the essential constituent of the thyroid, since, according to 
Kendall (1915), this compound occurs combined in the gland in 
amount invariably corresponding to one-fourth of the total 
iodine content. 


Effect of Thyroid Feeding on Size of Thyroid. 


Our results confirm Herring’s, that in growing young rats fed 
thyroid the thyroid shows relatively less growth. We obtained a 
greater effect with males than with females. The thyroids as a 
rule were paler than normal glands. Their histological appear- 
ance has been described. The figures for dry thyroid tissue also 
show a similar decrease. 


Effect of Thyroid Feeding on Body Fat and Muscular Development. 


Like most of the previous observers we have noted an almost 
complete disappearance of fat tissue in all animals fed thyroid. 
In one or two cases, e.g. No. 1, Experiment 6, the muscular 
development was distinctly less than normal. 
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Effect of Feeding Sodium Iodide. 


Examination of the figures in Experiments 9 to 12 reveals no 
decrease in growth rate, no relative hypertrophy of body organs, 
and no effect on weight of thyroid. No disappearance of fat 
tissue was observed. The actual figures probably indicate fairly 
accurately the extent of variation in normal rats of the same 
litter. It has already been noted that histological examination 
of the thyroid shows the same changes after iodide as after thy- 
roid feeding. 


Other Effects from Thyroid Feeding. 


The occasional deaths noted during thyroid feeding by pre- 
vious observers, and occurring in our experiments especially with 
the larger doses, are presumably to be regarded as a definite 
result of thyroid action. Kendall (1919) has noted the same 
effect with thyroxin. The non-occurrence of such results when 
thyroid medication is given in diseases such as myxodema and 
cretinism over prolonged periods is explicable, since the thyroid 
deficiency is merely corrected, and the effect of a hypersecretion 
is not produced.. Other hypersecretion effects (rough coat, 
increased heart beat, etc.) have been observed by us in but few 
cases, and then chiefly with young animals. These seem dis- 
tinctly more susceptible to the same relative dose. The two 
cases of tetany that we observed were with young animals. 
While we have no explanation to offer for this occurrence, we 
would point out that the observations of Collip and Backus. 
(1920), and of Grant and Goldman (1920), that prolonged forced 
breathing may cause symptoms of tetany in man, may have some 
bearing, since rapid respiration and heart beat were concomitant 
factors in the cases we observed. 


Effect of Thyroid and of Iodide Feeding on the Iodine Content of 
the Thyrovd. 


Experiment 12 shows that there is a marked increase in iodine 
content after administration of iodide, in agreement with numer- 
ous previous observations. The amount of iodide fed, within 
the limits of this experiment, did not affect the amount of increase. 
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No such increase was observed in rabbit thyroids after thyroid 
feeding. This suggests that with the relatively small dose 
employed no iodine was stored in the thyroid, but that the iodine- 
containing compounds in the thyroid fed were entirely used up 
in producing the systemic effects, and the iodine was subse- 
quently excreted. 


Effect of Thyroid Preparations of Different Age. 


The very similar effects produced by the 9 year old Merck, 
and the recently prepared hog thyroid preparation (Armour) indi- 
cate that age has no deteriorating effect on carefully prepared 
desiccated thyroid. Hoskins has already shown that desiccated 
and fresh glands produce the same results, in confirmation of the 
observations of previous workers on other thyroid effects. 


SUMMARY. 


The chief results described in this paper are: 

1. Continued small doses of desiccated thyroid gland fed to 
young white rats produce (a) a definite and invariable decrease in 
growth rate; (b) hypertrophy of the organs concerned with 
increased metabolism—heart, liver, kidneys, adrenals, ete. (con- 
firmatory of Hoskins and Herring); (c) disappearance of fat 
(confirmatory of Hoskins and Herring). 

2. The decrease in rate of growth is proportional to (a) the 
amount of thyroid fed and (b) the iodine content of the thyroid 
fed. 

3. The hypertrophy varies with dose and length of application 
of dose, and appears to be proportional to the iodine content of 
the dose. 

4. Sodium iodide fed in quantities varying from amounts 
equal in iodine content to the thyroid doses to amounts 100 
times as great produces no effect on growth rate, and no hyper- 
trophy. 

5. The effects produced are not due to protein feeding, autolysis 
products, or any similar cause, but specifically to thyroid tissue, 
or some constituent of it. 

6. Both thyroid and iodide feeding increase the colloid in the 
thyroid (confirmatory of Fordyce, and of Kojima). Thyroid 
feeding inhibits the growth rate of the thyroid (confirmatory of 
Herring). Iodide does not produce this effect. 
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7. Similar effects from thyroid feeding on growth rate and 
organ hypertrophy were obtained with rabbits. 

Since of numerous tissues tested only thyroid produces a 
definite effect (Hoskins) and since iodide does not produce this 
effect, we suggest that decreased growth rate, organ hypertrophy 
(especially of the liver, heart, kidneys, and adrenals), and rela- 
tively decreased thyroid. can be used as discriminatory tests for 
preparations alleged to be the essential thyroid secretion. 


We desire to acknowledge our indebtedness to Professor Swale 
Vincent for the interest that he has taken in this work, and for 
the valuable suggestions that he has made to us in the course 
of it. 
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AND URINARY ACIDITY FOLLOWING THE ADMIN- 
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Palmer and Van Slyke (1) have shown that the urine of normal 
men approaches the alkalinity of the blood (pH = 7.4) when 
the plasma bicarbonate CO, exceeds 71 + 5 volumes per cent, 
while the urines of many pathological cases, particularly cases 
with a high grade of renal disease and diabetes mellitus, do not 
approach the alkalinity of the blood until a higher plasma bicar- 
bonate than in normal individuals has been reached. In certain 
instances the level of blood bicarbonate was well within the 
range where tetany is known to occur. Attention was called to 
the danger of using the urine reaction, pH = 7.4, as a safe eri- 
terion in the therapeutic use of sodium bicarbonate, but prefer- 
ably in view of the evidence then available, to control alkali 
therapy by frequent determinations of the plasma bicarbonate. 
It was suggested that a more acid reaction of the urine than 
pH = 7.4, for instance a pH of 7.0, might be employed with 
advantage to control clinically the use of sodium bicarbonate in 
pathological cases. Furthermore, it was shown that sodium 
bicarbonate administered by mouth is readily absorbed and 
distributed in approximate uniformity to the body fluids in gen- 
eral as well as to the blood. The effect of a given amount of 
sodium bicarbonate, g, on the volume per cent of CO, of plasma 
38g 
W 


bicarbonate, b, may be estimated from the formula, 6 = 


, 
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102. Plasma Bicarbonate and Urinary Acidity 


when W is the weight of the individual in kilos... Estimation in 
this manner of the amount of sodium bicarbonate necessary to 
replenish the depleted alkali reserve as shown by plasma bicar- 
bonate CO. determinations serve a useful purpose in clinical 
practice. 

In view of the importance of the use of sodium bicarbonate in 
combating severe grades of acidosis, more especially in diabetes 
mellitus, nutritional diseases of children, and methyl alcohol 
poisoning, further observations have been made in the hope of 
extending the clinical applicability and reliability of the urinary 
reaction in controlling the administration of alkali. Although 
the reaction pH = 7.4 of the urine elaborated by kidneys, whose 
function of regulating the acid-base equilibrium of the body is 
impaired, is an insufficient, indeed, may be an unsafe indication 
that the proper amount of alkali has been given to restore the - 
level of plasma bicarbonate to within normal limits, it was thought 
possible that the first significant effect of alkali administration on 
the urinary reaction (pH) might be employed as a safe clinical 
guide. That our expectations in this respect were Justified is 
apparent from the following results. 


EXPERIMENTAL. 


Sodium bicarbonate in 2 gm. amounts in 100 cc. of water was 
given by mouth every 3 hour to subjects in whom the initial 
plasma bicarbonate revealed no severe grade of acidosis; that is, 
not less than 50 volumes per cent. In cases with a moderately 
severe acidosis (a plasma bicarbonate between 40 and 50 volumes 


1 The calculation in terms of plasma COs, is made as follows: 1 gm. of 
NaHCO; contains 267 cc. of CO2 measured at 0°, 760 mm. If the body 
fluids are estimated at 700 cc. for each kilo of body weight, then the dis- 
tribution of 1 gm. of bicarbonate among them would raise the CO2 content 


267 =. 38 3 a 
in ce. per 100 ce. of fluid by Ww - cc., W representing the body weight 
in kilos. If g gm. of sodium bicarbonate were taken into the fluids, the 


38 
rise in volume per cent of CO: would be = Conversely, the amount of 


bicarbonate necessary to raise the CO. by b volume per cent would be 


bW 38 
g= 38° Hence the formula 6 = = 


Palmer, Salvesen, and Jackson, Jr. 103 


per cent), the individual doses of sodium bicarbonate were 
increased to 5 gm. each and when a more marked reduction of the 
alkali reserve (below 40 volumes per cent) was found, the dose 
‘was increased to 10 gm.. It became desirable, especially in cases 
with severe acidosis, to give the bicarbonate every hour instead 
of every 3 hour. The hydrogen ion concentration of the urine 
was estimated immediately before the administration of each 
dose of alkali. Blood bicarbonate determinations were made 
before the sodium. bicarbonate was given, and again at the point 
when the first significant depression of the urinary acidity was 
observed. It has been shown repeatedly in cases where a distinct 
acidosis exists and without alkali administration that, during the 
short interval of time of the experiments here reported, the reac- 
tion of the urine remains quite stationary. Jor this reason, ‘‘the 
first significant depression of the urinary acidity’”’ was considered 
as a change corresponding to one interval in the scale of standard 
solutions used for the hydrogen ion concentration determinations. 
The standard solutions employed represented a pH of 7.4, 7.0, 
6.9, 6.3, 6.0, 5.7, 5.3, 5.0, and 4.7, respectively. 

The pH of the urine was determined by the colorimetric method 
described by Palmer and Henderson (2) with the exception that 
for pH values between 7.4 and 6.3 phenolsulfonephthalein was 
used; between 6.3 and 4.7 methyl red. A further slight modi- 
fication was employed. Instead of introducing 10 cc. of urine 
into Florence flasks, 1 cc. of urine was pipetted into test-tubes 
(25 X 200 mm.) of clear glass and diluted to 25 ce. with distilled 
water. Under these conditions 10 drops of 0.04 per cent phenol- 
sulphonephthalein and 10 drops of a saturated solution of methyl 
red produce a satisfactory color for purposes of comparison. 
Plasma bicarbonate estimations were made by the method 
described by Van Slyke and Cullen (8). 

We have arranged our results in Table I in order of the grams 
per kilo necessary to produce a significant change in the pH of 
the urine. In Experiments 7, 19, and 27, before any significant 
change in the pH of the urine took place, the patients became 
nauseated, hence the experiments were discontinued. 
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DISCUSSION, 


The results in Table I clearly demonstrate the reliability of 
employing the early effect of alkali administration on the pH of 
the urine as an indication of.the restoration of the bicarbonate 
level of the blood plasma to within normal limits. A variety of 
pathological cases, particularly the clinical conditions known to 
have impaired renal function and diminished.alkali reserve, were 
studied. For the thirty-three cases the average plasma bicar- 
bonate CO, at which an appreciable depression of the acidity of 
the urine occurs is 68.7 volumes per cent, a value well within 
normal limits. The average change in the pH was 0.97. Dis- 
regarding for the moment Case 33 and Cases 19 and 27 which were 
discontinued on account of nausea, the maximum plasma bicar- 
bonate CO, at which depression of urinary acidity occurs is 
78.8 volumes per cent in Case 15, while the minimum plasma 
bicarbonate CO, value is 60.0 volumes per cent in Case 17, a 
variation of approximately +10 volumes per cent. It should 
be explained that in Case 33 large amounts of alkali were given 
in a relatively short time. Although the plasma bicarbonate 
CO, reached the high level of 81.5 volumes per cent the kidneys 
were excreting a urine the reaction of which was the same as that 
at the beginning of the experiment. Later, however, the urine 
became very alkaline, pH = 8.2. Similar phenomena have been 
observed in patients not reported in this paper. The evidence as 
far as it exists suggests that, in severe acidosis in diabetes mellitus, 
there is a disturbance of the acid-base regulatory mechanism of 
the kidneys. This disturbance of renal function appears to be 
temporary, and does not prevent the use of the pH as an index of 
sufficient alkali administration. In Cases 31 and 32, diabetes 
mellitus with severe acidosis, in which the alkali was given more 
slowly the plasma bicarbonate CO. was 61.4 and 74.2 volumes 
per cent, levels not to be considered dangerous. A safe manner 
of administration in instances of severe diabetic acidosis appears 
to be at the rate of not more than 10 gm. of sodium bicarbonate 
per hour if given by mouth. In the more severe grades of acidosis 
occurring in diabetes mellitus, the administration of large amounts 
of sodium bicarbonate by mouth may be unwise. Theregulation 
of the diet in many instances may be sufficient to control the 
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situation. Where there is impending coma (plasma bicarbonate 
CO; below 30 volumes per cent) the introduction of sodium 
bicarbonate (25 gm. in 5 per cent solution) intravenously is 
desirable. -Additional alkali may be given by mouth but should 
be discontinued at the first complaint of nausea. 

In clinical practise the series of standard pH solutions may be 
eliminated. With the suitable indicators available, the urine 
obtained before the administration of alkali may be reserved as a 
guide to the degree of depression of the urinary acidity on sub- 
sequent observations. Such a procedure is reliable only if the 
physician is familiar with the use of the standard solution series. 

The quantative relationships between the alkali retained in 
the pathological cases and the degree of acidosis is discussed by 
Palmer and Van Slyke (1). Since the rise in volume per cent of 
plasma bicarbonate CO, caused by absorption of g gm. of sodium 


: : : 389 . , : 
bicarbonate is approximately ae , 1t should be possible to esti- 


mate the original plasma bicarbonate CO, in volumes per cent as 
follows, 68.7 — a The level of the plasma bicarbonate CO, 
at which the urinary pH shows its first depression is 68.7 + 10 
volumes per cent. The + 10 volumes per cent variation, there- 
fore, excludes the use of the above method for estimating very 
accurately the initial plasma bicarbonate or the degree of acidosis 
from the amount of sodium bicarbonate given to produce an 
effect on the pH of the urine. 

There is no constant relationship between the degree of injury 
to the renal function and the level of plasma bicarbonate CO, 
at which the first effect on the pH of the urine occurs following 
alkali administration. We have assembled the cases of nephritis, 
(1) in order of the severity of renal damage as shown by the 
phenolsulfonephthalein excretion and (2) in order of the magni- 
tude of the blood urea, comparing the level of plasma bicarbonate 
CO, at which the urine showed the first effect of the alkali, as 
shown in Table II. 

From the facts available there appears to be little or no paral- 
lelism between either the phenolsulfonephthalein excretion or 
the blood urea increase and the plasma bicarbonate CO, level at 
which the urimary acidity is decreased. Much more data are 
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necessary before a definite statement regarding the relationship 

of these renal functions can be made. In further study of this 

phase of the subject it would be necessary to separate the cases 

of nephritis into groups from the standpoint of the effect of 

disease on the several acid factors described by Palmer and 

Henderson (4). The acid factors in question were not deter- 
“mined in our cases. . 


TABLE II. 

: Phenolsulfone- Gambined : : Combined 

PNon | exeretion te ser Se MPNon | Blood urea. | plasma: atte 

per cent vol. per cent per cent vol. per cent 
+ AT 66.9 16 0.26 69.0 
5 46 61.0 -4 0.30 66.9 
11 38 61.4 i 0.32 61.4 
23 16 72.4 5 0.40 61.0 
29 15 67.2 20 0.50 70.0 
25 10 66.9 23 0.62 72.4 
30 9 68.1 25 0.68 66.9 
16 5 69.0 30 - 0.92 68.1 
20 0 70.0 29 0.95 67.2 
26 0 70.0 28 0.97 67.8 
28 0 67.8 26 2.54 70.0 


Our observations afford further confirmation of the validity 
and usefulness of the formula b = = in alkali therapy. In two 
instances, Cases 23 and 33, there occur rather wide variations 
(13.8 and 13.3 volumes per cent, respectively) between the cal- 
culated and observed increase in the plasma bicarbonate CO:. 
The explanation for the discrepancy in Case 33 is not unlikely to 
be found in the incomplete absorption and distribution of the 
sodium bicarbonate among the body fluids resulting from too 
rapid administration.. In Case 23 the large difference between 
the calculated and observed CO, is not clear. In the other 
cases the theoretical and actual increases in plasma bicarbonate 
CO, correspond with previous observations and are well within 
the limits of error for the experimental conditions. 
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‘SUMMARY. 


1. In normal and pathological cases, following the administra- 
tion of sodium bicarbonate, the plasma bicarbonate CO: ap- 
proaches 68.7 + 10 volumes per cent at the time the first depress- 
ing effect of the alkali on the urinary acidity is noted. The use 
of the first significant effect on the pH of the urine, therefore, in 
controlling the therapeutic use of sodium bicarbonate is safe 
and reliable. 

2. Although the pH of the urine serves as a safe guide to the 
control of the therapeutic use of sodium bicarbonate, the incon- 
stancy of the level of the plasma bicarbonate CO, at which a 
change in the pH of the urine occurs does not admit of estimat- 
ing with sufficient accuracy the degree of diminished alkali reserve , 
to be of practical value. 

3. Confirmation of the observation of Palmer and Van Slyke 
that ‘absorbed sodium bicarbonate is distributed in approximate 
uniformity. . . . to the blood” and ‘“‘the effect of a given 
dose in raising the plasma bicarbonate may be calculated by 
assuming that the body contains 700 ce. of fluid per kilo and that 
the bicarbonate absorbed is distributed therein uniformly” is > 
afforded. 

4. The variability among the several levels of plasma bicar- 
bonate CO, at which a significant depression in the pH of the 
urine occurs in normal and pathological cases is probably explained 
by the varying degrees of injury to the acid-base regulatory func- 
tions of the kidney. There appears to be no close relationship 
between this function and the ability of the kidney to excrete 
phenolsulfonephthalein or the blood urea. 
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DETERMINATION OF CHLORIDES IN BLOOD. 


By A. 8. WETMORE. 


(From the Laboratory of the Medical Service of the Massachusetts General 
Hospital, Boston.) 


(Received for publication, October 13, 1920.) 


At the present time the methods for the quantitation of chlo- 
ride in the blood most generally used in clinical laboratories are 
those of Van Slyke and Donleavy (1), Rappleye (2), and Foster 
(3). Their methods give good results when properly performed. 
However, all of them are complicated by various pitfalls, inherent 
either in the method or in the collection of blood samples, which 
render the obtaining of accurate results, especially in the clinical 
laboratory, unduly difficult. For this reason a method has been 
devised which obviates these difficulties. It has the advantages 
that the same reagents are used for determination of chlorides 
in the whole blood and in the plasma. Furthermore, chlorides 
may be determined in blood samples collected for the analyses 
of the system of Folin and Wu, which is an indispensable part of 
the work of the clinical laboratory. 

The method proposed is based on the precipitation of protein 
by copper hydroxide; on the precipitation of the oxalate and 
part, if not all, of the phosphate by an excess of calcium hydrox- 
ide; and on the titration of the chlorides by the procedure used 
by Rappleye. The copper hydroxide reagent employed to pre- 
cipitate the protein has been successfully used by Harding and 
Mason (4) for the blood. The filtrates obtained by this means 
remain clear after the addition of the tungstic acid reagent of 
Folin and Wu (5). 


Procedure. 


The sample of blood is collected in dry potassium oxalate. 
Dry syringes should be used, as small amounts of water intro- 
duce a source of error, especially when small amounts of blood are 
collected. 
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Reagents.—1. 5 per cent copper sulfate solution, c.P. 
2. 0.1 N sodium hydroxide. 

3. Calcium hydroxide powder, c.P. 

4. Standard silver nitrate solution: 


Silver nitrate... foe. ee een eee ae 7.2653 gm. 
Nitricacid. (concenttated)) «4. seer eee reer eee 150 ce. 
Distilled water toys... +. nes Oo he eee cee 1,000 “ 


(1 ce. of silver solution = 2.5 mg. e NaCl) 

5. 10 per cent iron alum solution. 

6. Potassium thiocyanate solution: Make 1.6 gm. of potassium thio- 
cyanate up to approximately 800 ce. and determine its strength by titrat- 
ing against the silver nitrate solution. Then dilute the potassium thio- 
cyanate solution until 12.5 ec. of it react with 5 cc. of the standard silver 
nitrate solution. If the precipitating reagent contains traces of chlorides 
then a correction must be applied to the potassium thiocyanate solution. 
(Most of the chemically pure articles on the market are sufficiently pure to 
use without making corrections.) (1 ec. of thiocyanate solution = 1.0 
mg. of NaCl.) 


Precipitation in the Plasma. 


In a 50 cc. volumetric flask place 2 cc. of plasma accurately 
measured, 15 cc. of water, 4 cc. of the copper sulfate solution, 
and 10 cc. of 0.1 n NaOH. Heat in boiling water for about 1 
minute. Keep the contents of the flask rotating while heating 
to insure complete precipitation of the protein. Cool the flask 
in running water and make up to 50 cc. mark. Shake thoroughly 
and filter through a chloride-free filter paper. To about 35 ce. 
of the filtrate add 0.5 gm. of calcium hydroxide powder and shake 
afew times. Allow to stand 1 minute and filter. 


Precipitation in Whole Blood. 


In a 50 cc. volumetric flask place 2 cc. of whole blood accu- 
rately measured, 10 cc. of water, 8 cc. of the copper sulfate solu- 
tion, and 20 cc. of 0.1 N NaOH. Heat in boiling water for about 
1 minute. Keep the contents of the flask rotating while heating 
to insure complete precipitation of the protein. Cool the flask 
in running water and make up to 50 ce. mark. Shake thoroughly 
and filter through a chloride-free filter paper. To about 35 ce. 
of the filtrate add 0.5 gm. of calcium hydroxide powder and shake 
a few times. Allow to stand 1 minute and filter. 
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Determination. 


To 25 ce. of the filtrate from either whole blood or plasma add 
_ 5 ce. of the standard silver nitrate solution, 2 cc. of the iron 
alum solution, and stir until the silver chloride separates out. 
Titrate the excess silver nitrate with the potassium thiocyanate 
solution. The first reddish tinge is the end-point. 

Subtract the number of cc. of potassium thiocyanate used in 
the titration from 12.5; the difference will be the gm. of NaCl 
per 1,000 cc. of whole blood or plasma. 


DISCUSSION. 


By the use of the method described above, sodium chloride 
was recovered quantitatively after its addition to the precipitat- 
ing reagent. It was also quantitatively recovered after its addi- 
tion to whole blood or plasma, as is shown in Tables I and II. 


TABLE I. 
Quantitative Recovery of NaCl Added to Plasma. 


No. of sample. | NaCl in plasma. NaCl added. NaCl recovered. |Theoretical value. 

gm. gm. gm. gm. 
1 5.65 0.50 6.15 6.15 
2 5.70 0.50 6.20 6.20 
3 5.90 1.00 6.85 6.90 
4 5.55 1.50 7.05 7.05 
5 5.80 0.50 6.25 6.30 

TABLE II. 


Quantitative Recovery of NaCl Added to Whole Blood. 


No. of sample. BeClin whole NaCl added. NaCl recovered. |Theoretical value. 
gm. gm. gm. gm. 
1 4.65 0.50 5.15 5.15 
2 4.50 1.00 5.45 5.50 
3 4.55 1.50 6.05 6.05 
4 4.70 0.50 5.20 5.20 
5 4.30 0.50 4.75 4.80 
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Results obtained by the method described check with those 
obtained by the Austin-Van Slyke method for whole blood, and 
the Van Slyke-Donleavy method for plasma, as is shown by 
Table ITI. 


TABLE III. 
Comparison of Results Obtained with Methods of Van Slyke and the Author. 


NaCl in whole blood. NaClin plasma, 

Van Slyke-Austin. . Author. Van Slyke-Donleavy. Author. 
gm. gm. gm. gm. 
4.65 4.60 5.65 5.65 
4.30 4.30 5.70 5.65 
4.60 4.55 5.80 5.85 
4.50 4.50 «5.50 5.50 
4.60 4.55 5.95 5.90 


To check further the accuracy of the method the chloride 
content of whole blood and plasma was determined by a modifi- 
cation of the Gutmann and Schlesinger method (6) devised by 
the author. The method is carried out in the following manner. 


In a small crucible place 1 cc. of the substance under examination and 
add 0.5 gm. of sodium carbonate dissolved in a small amount of water. 
Evaporate to dryness on a water bath or in a hot air oven. The destruc- 
tion of the organic matter is carried out slowly with a microburner. It is 
well at short intervals to allow the crucible to cool and add a few drops of 
distilled water to the residue; this helps to destroy the carbonized matter 
without excessive heating. When the organic matter is completely de- 
stroyed the crucible is transferred to a 200 cc. beaker and a small amount 
of hot distilled water added. To the contents of the beaktr add nitric acid 
until effervescence ceases. The crucible is held over the top of the beaker 
with a pair of tongs and washed thoroughly with distilled water. The con- 
tents of the beaker are filtered through a chloride-free filter paper, the 
beaker and filter paper being washed several times with hot distilled water. 

To the filtrate add 5 cc. of the standard silver nitrate solution and 2 
ec. of the iron alum solution; stir until the silver chloride separates out. 
Titrate the excess silver nitrate with the potassium thiocyanate solution. 


The results obtained by the Gutmann and Schlesinger method 
and the method here described are shown in Table IV. 

Results obtained in plasma by the method described check 
with those obtained by the use of the methods of Van Slyke- 
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Donleavy, and of Rappleye, provided the plasma samples are 
free from hemolysis. In the presence of even a slight degree of 
hemolysis results obtained by the latter two methods are of 
questionable accuracy, since the values for the chlorides are 
often too great. Van Slyke states in connection with his method 
for whole blood that only a protein-free filtrate is to be used for 
determining the chloride content, as some component of the 
laked cells other than the chloride combines with some of the 
silver nitrate, making the results too high. The same may be 
said of the Van Slyke-Donleavy method for chlorides in the 


TABLE IV. 


Comparison of Results Obtained with Methods of Gutmann and Schlesinger 
and the Author. 


Whole blood. Plasma. 
iene Author. ene Author. 
gm. gm. gm. gm. 
4.75 4.80 5.85 5.90 
4.65 4.70 6.00 6.00 
3.85 3.90 5.00 5.00 
4.60 4.60 6.00 6.05 


plasma when the latter is slightly colored from hemolysis. Hemo- 
lyzed plasma does not affect the accuracy of the results obtained 
‘by the method here described. 

A method for the determination of chlorides in the blood has 
been devised by Harding and Mason (4) which is somewhat 
similar to the method here described. The chief objection to 
their method is the titration with potassium iodide, which in the 
author’s experience is a more difficult procedure for the average 
clinical laboratory worker than is the titration with potassium 
thiocyanate. 

The normal chloride threshold has been set by McLean (7) 
at 5.62. By the author’s method normal plasmas have varied 
from 5.65 to 6.00. . 

The method described can be modified by using potassium 
thiocyanate, each ec. of which contains 0.5 mg. of sodium chlo- 
ride; however, the end-point is not so clear as when the stronger 
thiocyanate is used. 
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VI. THE INFLUENCE OF DIET OF THE COW UPON THE NUTRI- 
TIVE AND ANTISCORBUTIC PROPERTIES OF COW’S MILK.* 


By R. ADAMS DUTCHER, C. H. ECKLES, C. D. DAHLE, S. W.MEAD, 
AND O. G. SCHAEFER. 
(From the Section of Animal Nutrition, Division of Agricultural Biochemistry 
and the Division of Dairy Husbandry, University of Minnesota, 
University Farm, St. Paul.) 


(Received for publication, October 21, 1920.) 


During the winter of 1918 experiments were in progress, in this 
laboratory, in which guinea pigs were fed a basal diet of 20 cc. of 
autoclaved milk and oats ad libitum. The milk used in this study 
was obtained from the University dairy herd which had received a 
grain mixture consisting of corn, barley, oats, middlings, bran, 
and oilmeal. The roughage consisted of silage and a poor grade 
of alfalfa hay. The milk was fed to the guinea pigs with the view 
of supplementing the oat proteins and salts, and was autoclaved 
to lower the antiscorbutic potency of the milk. It was found 
that guinea pigs which received the oats and autoclaved milk 
developed scurvy and died in the time usually expected on this 
type of diet. 

However, during the spring months of 1919, it was observed 
that some of the animals which had been placed upon experiment 
late in the winter had ceased to lose in weight, scurvy symptoms 
were less pronounced, and the animals presented a much improved 
physical appearance. New groups of animals lived longer on the 
basal diet containing 20 cc. of autoclaved spring milk than animals 
receiving the same quantity of autoclaved winter milk. While 
scurvy developed in the new groups of animals during the spring, 
the symptoms were less severe and many of the animals actually 


* Published with the approval of the Director as Paper No. 220, Journal 
Series, Minnesota Agricultural Experiment Station. ; 
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gained in weight when a loss of weight and death would have 
been expected. 

Inquiry revealed the fact that the University herd had been 
turned out to spring pasture about 10 days before we had begun 
to notice the improved condition of the experimental animals just 
described. In view of the fact that the antiscorbutic vitamine is 
supposed to be very susceptible to heat, we postulated at the time! 
that the improved nutritive properties of the milk were due, in all 
probability, to an increased amount of the fat-soluble vitamine in 
the milk; the last mentioned vitamine having shown greater sta- 
bility toward heat than either the antineuritic or antiscorbutic 
vitamines. Consequently, experiments were immediately initi- 
ated using 20 and 30 cc. of whole and skimmed raw summer milk. 
It was found that 20 and 30 ce. of summer milk protected guinea 
pigs from scurvy for 90 to 100 days when other investigators had 
often failed to obtain protection with much larger quantities of 
milk. We were convinced, therefore, that the disagreements 
which had existed in previous studies, where milk had been fed 
as the antiscorbutic material, could be explained upon dietary 
grounds and that the vitamine content of milk is dependent upon 
the vitamine content of the diet of the lactating animal. 

Similar suggestions had already been made by other investi- 
gators, but in the majority of cases these suggestions had not 
been based upon experimental evidence. Previous to our an- 
nouncement,! it had been observed that the antineuritic vitamine 
in human miik is dependent upon the diet of the nursing mother.’ 
McCollum and coworkers,’ experimenting with rats, came to the 
same conclusion. The last mentioned experiments, while un- 
doubtedly correctly interpreted, appear somewhat lacking in con- 
crete proof, due to the fact that it was not possible to determine 
whether or not the milk flow of the experimental mother rats was 
sufficient for the dietary needs of the young. Obviously, experi- 
ments which involve the use of dairy cattle are much to be pre- 
ferred, in this regard, for although milk production may fall (as 


1 Dutcher, R. A., Pierson, E. M., and Biester, A., Science, 1919, 1, 184. 

2 Andrew, V. L., Philippine J. Sc., Section B, 1912, vii, 67. 

3 McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916, 
xxvii, 33. McCollum, E. V., and Simmonds, N., Am. J. Physiol., 1918, 
xlvi, 275. 
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it did in the study described in this paper) the amount of milk 
_ obtained is amply sufficient for feeding in any desired quantity. 
It is also evident that results obtained by the use of dairy cows 
should also be of much more practical significance. Osborne and 
Mendel describe experiments! in which they were unable to find 
that summer milk was superior to winter milk as far as the amount 
of water-soluble (B) vitamine is concerned. It has been pointed 
out® that the average winter ration is undoubtedly fairly adequate 
with regard to this vitamine due to its general distribution in the 
grains and also due to the fact that it does not seem to be injured 
appreciably during the drying and curing process. There is reason 
to believe, however, that if rations are fed which are sufficiently 
poor in this vitamine, the milk will also prove to be equally 
deficient. 

During the same month (August) that we announced our ob- 
servations regarding the nutritive superiority of summer milk, 
. Barnes and Hume’ reported that they had also noted a seasonal 
variation in the antiscorbutic properties of cow’s milk. 

In order that we might obtain more conclusive experimental 
evidence concerning the influence of diet upon the vitamine con- 
tent of milk, we have fed vitamine-poor and vitamine-rich rations 
to dairy cows and the milk obtained from these animals has been 
subjected to investigation by means of laboratory animals. We 
have included in this study a biological investigation of the fat- 
soluble, the water-soluble (B), and antiscorbutic vitamines. In 
this paper we shall describe our experiments with regard to the 
antiscorbutic properties of milk produced under conditions of low 
and high vitamine feeding. In a later paper we shall submit 
data to show that the fat-soluble vitamine is markedly influenced 
by the diet of the cow, while the same is true for the water-soluble 
vitamine but to a lesser degree. 

While our experiments were under way Hart, Steenbock, and 
Ellis? published the results of their studies of the same problem. 
These authors had an unusual opportunity to study this phase of 
nutrition inasmuch as there was available, at the University of 


4 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xli, 515. 

° Hart, E. B., Steenbock, H., and Ellis, N. R., J. Biol. Chem., 1920, 
xlii, 383. 

6 Barnes, R. E., and Hume, E. M., Lancet, 1919, ii, 323. 
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Wisconsin, a herd of eighteen dairy cows all of which had been 
“kept year after year on air-dried roughages and grains.”’ It was 
found that the milk obtained from this herd was much inferior, 
in antiscorbutic properties, to summer milk derived from oe 
cows in the University herd. 

The experiments described in this paper differ from the Wis- 
consin study inasmuch as the milk was derived from the same cows 
throughout the experiment, thereby eliminating any possible question 
of differences in milk from individual cows. We have attempted, 
also, to obtain information regarding the length of time required 
for the vitamine-poor and vitamine-rich rations to produce an 
effect upon the nutritive properties of the milk. This has been 
done by adding new groups of guinea pigs from time to time as the 
experiment progressed. 


" EXPERIMENTAL. 


Period 1; the Vitamine-Poor Period. 


The Cows.—Two cows (a Jersey and a Holstein) were fed a 
vitamine-poor ration for a period of 43 months (January 17th,” 
1920, to June Ist). From June 1st to October Ist (4 months) 
they received the same grain ration and were given constant access 
to pasture grass. The Jersey and Holstein breeds were chosen on 
account of the fact that the former produces a milk with a high 
percentage of butter fat, while the Holstein milk is characterized 
by a relatively low content of butter fat. By mixing these milks 
it was thought that the resulting mixture would be fairly repre- 
- sentative of average herd milk in chemical composition. Both 
of these animals had calved during the latter part of December, 
and were placed upon the vitamine-poor ration on the 17th day 
of the following month. The cows were milked morning and 
evening and samples of the mixed milk for the 24 hours were taken 
for the feeding experiments. 

The Ration.—The constituents of the vitamine-poor ration were 
selected to satisfy the nutrient requirements of the animals and at 
the same time maintain a low supply of the fat-soluble and anti- 
scorbutic vitamines. 

The supply of the water-soluble (B) vitamine was kept as low 
as was practicable without going outside of the list of ordinary 
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cattle feeds, by the use of gluten feed (as a high protein feed), 
wheat middlings, and straw. The animals received what they 
would consume of a roughage consisting of equal parts of chopped 
timothy hay and oat straw. The grain rations consisted of equal 
parts of wheat middlings, gluten feed, ground oats, and ground 
barley. The ration was adjusted, in quantity, to satisfy the 
requirements of the animals, according to Armsby’s feeding stand- 
ard. While this ration is undoubtedly poor in the fat-soluble 
and antiscorbutic vitamines, on the whole, it is a better ration than 
is often fed on many farms during the winter months, and a fair 
flow of milk was obtained during the period that it was fed. 

Records were kept of feed consumed and of milk produced, 
while fat tests were made at regular intervals throughout the ex- 
periment. On June Ist the cows were changed abruptly to pas- 
ture, while the feeding of the same grain ration was continued but 
in smaller amounts. 

The Guinea Pigs—Healthy, normal guinea pigs were used in 
all the feeding experiments. Most of the guinea pigs weighed 
between 200 and 300 gm.; only in a few cases did we use animals 
weighing as much as 400 gm. All the experimental groups con- 
tained at least three (and often four) guinea pigs which were 
chosen with regard to body weight. Each group contained one 
heavy animal, one light animal, and one or two which fell between 
these two extremes. This method placed all the groups of ani- 
mals on a comparative basis, in case the size of the animal should 
become an influencing factor in the development of scurvy. 
Each animal was confined in a cage by itself and the cages were 
cleaned twice each week and washed with hot water. The cages 
were sprayed with a cresol preparation at each cleaning period. 

Feeding —The guinea pigs were allowed all the oats that they 
would eat. The milk, which was fed in varying amounts, was 
fed twice daily in clean porcelain dishes, which were introduced at 
each feeding. The animals were under observation at all times 
and weighings were made every 5 days until scurvy symptoms 
appeared, and at 3 day intervals thereafter. 

We have described the symptomatology and postmortem 
appearances in guinea pig scurvy in a previous publication.’ 


7 Dutcher, R. A., Pierson, E. M., and Biester, A., J. Biol. Chem., 1920, 
xlii, 301. 
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On February Ist (2 weeks after the cows had been placed on the 
vitamine-poor diet), five groups of guinea pigs (totaling twenty 
animals) were placed upon experiment. The quantities of milk 
fed to the respective groups were as follows: 30, 40, 50, 70, and 
80 ce. : 

On March ist (1 month later), a second series of animals was 
placed upon the oats and winter milk diet in order to ascertain, 
if possible, whether or not the milk was becoming poorer in nutri- 
tive properties as the experiment progressed. This series con- 
sisted of five groups of guinea pigs (totaling fifteen animals). 
These groups received the following amounts of milk respectively: 
20, 30, 40, 50, and 60 cc. 

The third series of guinea pigs was started on April Ist (2 months 
later). This series was also made up of five groups of three ani- 
mals each (totaling fifteen animals). These groups were not fed 
the larger quantities of milk on account of the short time remain- 
ing before the cows were to be turned out to. pasture. The 
amounts of milk fed to the respective groups in this series were as 
follows: 

Group 1, 20 cc. Jersey milk. 


mn 30 “« “cc “c be 
é 3, 204 Holstein Be 
(73 4, 30 “<c “< (73 . 


“ 5°30 “mixed “ 


The Jersey and Holstein milks were fed separately at this 
point to determine whether or not breed differences existed with 
regard to the nutritive properties of winter milk. 


Period 2. The Vitamine-Rich Period. 


On June Ist the cows were changed abruptly to pasture and the 
grain ration was continued. Three groups of guinea pigs (four 
pigs to the group) were placed upon experiment on June Ist, 
the day that the cows were given access to grass. These groups 
were fed 20, 30, and 40 cc. respectively of the mixed summer milk. 
2 months later (August Ist) three additional groups of guinea pigs 
were added. These also received 20, 30, and 40 cc. of milk per 
animal in the respective groups. Observations and weighing , 
were made as in Period 1. 
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DISCUSSION. 


Examination of the data concerning the groups of guinea pigs 
receiving 20°cc. of milk (Chart 1) shows quite graphically the 
superiority of the summer milk over that produced in the winter 
on the vitamine-poor ration. In the remainder of this paper we 
shall use the terms “winter milk” and ‘‘summer milk’ to differ- 
entiate the milk produced on the vitamine-poor and vitamine- 
rich rations. All the animals (Nos. 120, 121, and 122) which 
were placed on the winter milk on March Ist died within 10 weeks 
with marked evidence of scurvy. (S = first scurvy symptoms 
observed.) Two of the animals (Nos. 1385 and 136) which were 
started on April 1st died with scurvy, while No. 137 lived on into 
Period 2 and responded to the summer milk almost immediately. 
Animals 135, 136, and 137 were fed Jersey milk, while Animals 141, 
_ 142, and 143 were fed Holstein milk. All the other animals in 
Chart 1 were fed mixed milk. No breed differences are apparent 
in these two groups. It should be noted that Animals 137 and 
142 (which showed improvement after beginning the summer 
milk) had shown pronounced scurvy symptoms in Period 1, and 
when autopsied on the Ist of August no pronounced scurvy symp- 
toms or lesions could be observed. 

20 cc. of summer milk protected Animals 200, 201, and 203 for 
periods of 16, 4, and 8 weeks respectively, while of the ur animals 
which were placed on summer milk in August (Nos. 260, 261, 
262, and 263) three remained healthy and normal throughout 
the 8 weeks that they were on experiment. 

Much to our surprise the first groups of animals (Nos. 103, 104, 
and 105), which received 30 cc. of winter milk (Chart 2), did not 
die or fall off in body weight although mild scurvy symptoms devel- 
oped. However, Animals 123, 124, and 125 developed scurvy 
and died. No outstanding difference can be noted in the group 
receiving Jersey milk (Nos. 147, 148, and 149) and those receiving 
the same quantity of Holstein milk (Nos. 144, 145, and 146). 
Nos. 139 and 145 responded very soon (2 weeks) when changed to 
summer milk. Animals 204, 205, 206, and 207 which were 
started on summer milk on June 1st remained in excellent condi- 
tion and did not develop scurvy throughout the 16 weeks feeding 
period, and the same holds true for Animals 264, 265, and 267 
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Cuart 1. Showing the superiority of 20 cc. of summer milk over the 


same quantity of winter milk. 
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Cuart 2. The group which was placed upon experiment in February 
grew well on 30 cc. of milk. 1 month later the milk had become so poor 
that all the animals died. 2 months later the milk was of such poor quality 
that six of the nine experimental animals died. Those which survived 
improved in physical appearance and showed fair growth when 30 cc. of 
summer milk were fed. All the animals receiving 30 cc. of summer milk 
grew well and no scurvy symptoms developed. 
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which were started on summer milk on August Ist. The supe- 
riority of the summer milk is quite evident from ‘the curves of the 
last mentioned groups. 

The animals which received 40 cc. of milk reacted in practically 
the same manner as the 30 cc. groups (see Chart 3). Those which | 
received winter milk beginning February 1st grew well and did 
not develop scurvy. This might be explained upon the assump- 


Cuart 3. All animals placed on experiment in February lived and grew 
well. 1 month later the winter milk was of such poor quality that all the 
animals died. All the animals receiving 40 ec. of summer milk grew well 
and did not develop scurvy symptoms. 


tion that the cow and the guinea pig, together, stored sufficient 
vitamines to carry the guinea pigs over the winter period. The 
fact that the March and April groups did not do so well probably 
lies in the fact that the milk was becoming progressively poorer in 
vitamines, and after the supply stored by the guinea pig was 
exhausted the deficiency disease developed. The groups receiv- 
ing 40 cc. of summer milk grew well and did not develop scurvy. 
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No. 208 died suddenly during September having developed no 
scurvy symptoms. The cause of death is unknown. 

The February groups of guinea pigs receiving 50 cc. of milk 
grew well and did not develop scurvy (see Chart 4). Animal 110 
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Cuart 4. 50 ce. of winter milk did not protect the animals against 
the development of scurvy and all the animals died with the exception of 
the group which was placed on diet before sufficient time had elapsed for 
the milk to become poor. 


was killed on June 1st and was found to be in excellent physical 
condition. The group which was started March Ist (1 month © 
later) developed scurvy and died. Animal 131 did not respond 
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Cuarr 5. All guinea pigs receiving 60 ec. of winter milk developed scurvy _ 


and two of the animals died. After 2 months on a diet of 60 cc. ofsummer 
milk no scurvy symptoms could be detected in the animal which survived 
the winter period, although scurvy symptoms “had been very pronounced 
in the winter months. 
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to the summer milk and died with very pronounced scurvy lesions. 
Chart 5 shows that 60 cc. of the “late” winter milk did not pro- 
tect the animals against the development of scurvy. The scurvy 
symptoms (swollen joints) disappeared, in the case of No. 134, 
after 60 cc. of winter milk were replaced by 60 ec. of summer milk. 

None of the groups receiving 70 cc. of winter milk (Chart 5), 
beginning the Ist of February, developed scurvy. The same may 
be said for the 80 cc. group (Chart 5) with the exception of Animal 
119 which did not take the full amount of milk at the beginning 
of the feeding period. 

When the charts are compared as a whole, it is evident that 20 
ec. of summer milk were superior in nutritive value and in anti- 
scorbutic potency to 60 cc. of winter milk. A study of the winter 
milk groups seems to show that the milk does not become poor 
rapidly; in fact, it is not until the 5th to the 8th week that the 
effect of the diet becomes manifest in the growth curves and 
physical condition of the experimental animals. On the other 
hand, it seems equally certain that the effect of the vitamine-rich 
ration is noticeable within 2 weeks after the cows were turned out 
to pasture. This is rather to be expected for it is but natural 
that the mother will draw upon the vitamines stored in her tissues 
in order to protect the offspring, even to the sacrifice of her own 
physical well being. Nor is it surprising to find that the milk 
becomes rich in vitamines almost immediately upon the ingestion 
of a vitamine-rich diet. 


SUMMARY AND CONCLUSIONS. 


Two cows, a Jersey and a Holstein, were placed upon a vitamine- 
poor ration in the middle of January. Mixed milk was fed in 
varying quantities to several groups of guinea pigs, new groups of 
guinea pigs being added from time to time as the experiment pro- 
gressed. Beginning June Ist the cows were given a vitamine-rich 
ration and the former experiment was repeated. From the data 
obtained it was concluded that the vitamine content of cow’s 
milk is dependent upon the vitamine content of the ration ingested 
by the cow. 20 cc. of summer milk were superior in nutritive 
value and in antiscorbutic potency to 60 cc. of winter milk. It 
was found that there is a tendency for the milk to become poor 
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slowly, when the diet of the cow is low in vitamines, while the 
milk becomes of higher nutritive value almost immediately upon 
the ingestion of a vitamine-rich ration. In other words, there 
seems to be a tendency for milk to become poor slowly and rich 
rapidly as far as the vitamines are concerned. 


In conclusion, the writers wish to acknowledge the assistance 
of Mr. D. Bessessen in performing a number of the outopa 
recorded in this paper. 


ABSORPTION AND ELIMINATION OF MANGANESE 
INGESTED AS OXIDES AND SILICATES. 


By CLARENCE K. REIMAN anp ANNIE S. MINOT. 


(From the Laboratory of Applied Physiology, Harvard Medical School, 
Boston.) 


(Received for publication, October 28, 1920.) 


In 1919 Edsall, Wilbur, and Drinker (1) reviewed the older 
literature and described cases of manganese poisoning in the 
United States, occurring among mill employees who were work- 
ing in a dust containing manganese as oxides and silicates. They 
point out that the chief portals of entry for the dust are the gastro- 
intestinal tract and the lungs. Up to the present time, owing to 
lack of reliable methods of analysis, these clinical findings have 
never been supplemented by adequate analytical data on the 
manganese content of blood, tissues, or excreta. With the devel- 
opment of the method for detection and quantitation of minute 
amounts of manganese in biological material, published recently 
from this laboratory (2), the following experiments were carried 
out to study the absorption, distribution, and excretion of ingested 
manganese in the form of oxides and silicates. 


Solubility in Gastric Juice. 


The extent to which swallowing a manganese-containing ore 
involves a possible risk depends primarily upon its solubility in 
_ the gastric juice. This point was tested with franklinite, rho- 
denite, and manganese dioxide, representative manganese ores.! 


1 Franklinite is a mixed oxide of manganese, iron, and zine. Analysis 
of the specimen used by us shows manganese 9.49, zine 14.53, iron 27.87, 
calcium oxide 10.74, magnesium oxide, 1.07, silicon dioxide 5.79, and car- 
bon dioxide 8.30 per cent. Rhodenite when pure is manganese silicate. 
In the sample employed calcite was the chief impurity and the ore con- 
tained 24 per cent of manganese as silicate. Chemically pure manganese 
dioxide containing 48 per cent of manganese was used. 
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1 gm. of the various ores, ground to 200 mesh, was incubated for 
different lengths of time in 50 cc. of fasting stomach contents 
obtained in the usual manner from hospital patients. In one 
case, in order to approach more nearly to normal conditions, 
C. K. D. took 8 gm. of franklinite with a test meal which was 
removed and the stomach washed after 30 minutes. Filtration 
and analysis were done without incubation. The complete 
removal of the finely divided dust from a> water suspension by 
filtration proved difficult. The filter finally used was repeatedly 
proved to be efficient and consisted of an alundum thimble which 
had been previously dipped in collodion and dried. This was 
encased in a brass chamber and filtration carried out under 
about 60 pounds pressure. 

A few typical figures for solubilities found are as follows: 14.13 
mg. of manganese dissolved after 96 hours at 37°C. in juice with 
total acidity of 74; 5.56 mg. of manganese dissolved after 22 
hours at 37°C. in juice with total acidity of 40; 1.10 mg. of man- 
ganese dissolved, in case of test meal (C. K. D.), in contents with 
total acidity of 21. Unquestionably the ores tested are soluble 
in gastric juice to an extent depending upon the acidity and dura- 
tion of contact, but sufficient under normal conditions so that 
workmen who continually swallow small amounts of such ore 
dusts must continually furnish dissolved manganese for absorp- 
tion into the blood stream. 

Since the various ores showed practically the same solubility, 
franklinite was used in most of our feeding experiments. 


Effect of Ingested Manganese Ores on the Manganese Content of 
the Blood. 


We were fortunate in being able to obtain blood specimens 
from employees of the New Jersey Zinc Company at Franklin, New 
Jersey.2. Before the installation of the present dust removal sys- 
tems and methods of periodical physical examination of employ- 
ees, several cases of manganese poisoning had occurred at this 
plant. The blood samples were taken by one of us, choosing as 
subjects some of the men who had been in the employ of the 


2 This company very kindly further cooperated with us by supplying 
and preparing the franklinite and rhodenite used in these experiments. 
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company for a long time and whose work kept them a part of 
the time in some of the dusty places, such as the bag house con- 
nected with the dust removal system. The blood was removed 
from one of the large veins of the arm during the working hours 
of the men, employing an all glass syringe and using the greatest 
care to prevent contamination. The figures obtained by analysis 
are presented in Table I. 
TABLE I. - 
Manganese Content of Bloods of Franklin Employees.* 


Name. 100 a Beload: Name. 100 He a pload: 
mg. mg. 

[Sin LDS ae Ao Ae eee 0.008 WRG DIS opie Saleen ta. n tide hh # 0.010 
do Who te Bk a ae 0.008 Re owe Ca tyres 0.005 
12. [BL ee see ee 0.019 Ji Bier ee. Sep eee 0.021 
di, TESS o eae Shien Ae acca 0.013 Wie Ae 2. renee: 0.016 
COMSUER ee ke 0.005 VES ED eee eee 0.023 
(Ci MG AS ae ea 0.009 WDE eae aia eee 0.016 
(Gi. 1B ee ee ae eee 0.020 E38 Sse | he 0.010 
O. Ce tee ere 0.010 JA\ VIR See ep o accae ee 0.006 
Ibi, 153501 Dy eee ee 0.013 1c ee De ee a Aen oMiotto & 0.006 
18l, Weve ee 0.023 WEG ere Sees ath ccs ates 0.010 
1AM Lo, epee ee eer 0.006 Gain cee Eee 0.022 
OID) ie eee ee 0.019 Jeb ie cde Arata bt Fee 0.020 
(OB Ee ae ee 0.013 TB 2 ae San ee 0.016 
dhe Re ee ee 0.010 

ANS GBTREN CE det nah 1 ea tr nine a a Sean acai Seal A i eR 0.013 


* 30 gm. samples of blood were analyzed in every case. 


We had hoped to find variations from the normal content 
which at least in the case of certain individuals would be suffi- 
ciently marked to show a connection between the manganese 
concentration in the blood and susceptibility to poisoning. A 
study of the results, however, shows that in no case is the concen- 
tration unusually high, and that the mean result as well as the 
variations from the mean are very close to the normal figure 
(0.012 mg. per 100 gm. of blood) reported in an earlier paper (2). 
In view of findings to be reported later in this paper this is not 
surprising. In the case of the workmen whose bloods have been 
studied the intake of manganese, though continuous, is very small, 
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and the normal rate of excretion, as will be shown later, is more 
than adequate to keep the concentration in the blood at a normal 
level. 

This leads directly to the question of whether larger amounts 
of ore dust taken at one dose may not temporarily increase the 
manganese of the blood to a higher level. To prove this point, 
volunteers in the laboratory submitted to the following experi- 
ment which in several instances was repeated with identical 
results. The subjects in every case drank a water suspension 
containing 8 gm. of franklinite. Analyses were made of blood 
samples taken before and 1, 3, 6, and 24 hours after taking the 
ore. In the experiment of September, 1920, in order to show 
whether conditions tending to affect the acidity of the gastric 
juice would alter the amount of manganese in the blood, 50 gm. 
of cooked meat were eaten immediately after swallowing the ore 
dust. As these results are in no way different from those of 
previous experiments when the dust was taken without food, 
the data are all presented together in Table II. - 

In almost every case the manganese concentration Increased 
slightly during the first hour or two and then fell rapidly back to 
normal. It is apparent that one or more of the following three 
factors tends to maintain this low level: (1) the rate of solution 
of the ore by the gastric juice is very slow, or (2) the rate of 
absorption into the blood stream is equally slow, or (8) the rate 
of removal from the blood is too rapid to allow any considerable 
rise of the manganese content of the blood. The literature upon 
the behavior of foreign crystalloids in the blood stream and 
experiments of our own in which soluble manganese has been 
injected into the blood stream cause us to favor the last possibil- 
ity as the controlling factor, since a few minutes after a consider- 
able intravenous injection of manganous chloride the manganese 
content of the blood is practically normal. 

Whatever the controlling factor, since identical results have 
repeatedly been obtained in the same subject and varying results 
with different individuals, it is evident that in some subjects the 
manganese content of the blood can temporarily be doubled by 
ingestion of manganese compounds while in others the concen- 
tration remains constant. It seems probable that individuals 
falling into the first group would be more susceptible to man- 
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| ganese poisoning than those in whom the concentration does not 


rise. 
TABLE II. 


Manganese Concentration of Blood after Eating Franklinite.* 


Mn per 100 gm. 
Name. Date. 


Control. | 1 hr. after.| 3 hrs. after.| 6 hrs. after.|24 hrs. after. 


1919 mg. mg. mg. mg. mg. 
Cake: Dec. 19 0.012 0.024 0.017 0.019 0.014 
1920 


a Jan. 0.011 0.023 0.010 
le Sept. 0.010 0.022 0.012 0.013 

SK. KR. Jan. 20 0.008 0.017 0.010 0.010 
Sept. 0.010 0.028 0.021 0.013 

Raw. T. Jan. 15 0.010 0.014 0.011 0.011 0.010 
oid Sept. 0.012 0.011 0.010 0.010 

L. A. S. Jan. 15 0,010 0.017 0.012 0.008 0.010 
be Sept. 0.008 0.013 0.010 0.010 

A: ML. Jan. 20 0.014 0.012 0.017 0.015 
Sept. 27 0.013 0.013 0.016 0.010 


Wao. Jan. 15 0.011 0.010 0.011 0.010 0.011 
Jeg ge Bh) 0.009 0.014 0.007 

WAGEE. e 20 0.008 0.009 0.012 0.008 
GRD. Sept. 27 0.013 0.020 0.017 0.013 

HEE: C oF 2G 0.011 0.014 0.012 0.011 


*8 gm. franklinite containing 0.77 gm. manganese eaten in every case. 
30 gm. samples of blood taken in every case. 


Elimination of Manganese. 


The rapid return of the blood to a normal manganese content 
raises the question of the manner of elimination. Wichert (3), 
Kobert (4), Cahn (5), and Harnack (6) have stated that man- 
ganese is excreted in the’ bile and intestines but give very little 
analytical data. A more elaborate feeding experiment than those 
described above was carried out, in which C. K. D. ate 25 gm. of 
franklinite in the course of 3 days. During that time and for 
several days after, the total 24 hour amounts of urine and feces 
were collected and carefully sampled. 500 ce. of urine and 2 gm. 
of feces were used for analysis and the total manganese excreted 
in 24 hours was calculated. 
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Like many of the heavy metals, manganese is excreted chiefly 
by way of the intestines. In no case was more than a trace found 
in the urine, while approximately complete recovery was made 
in the feces (Table III), a finding which has been repeatedly 
corroborated by later work on both men and animals. The figures 
for blood in this case are remarkable only because they again 
show the identical level of manganese concentration reached by 
the same subject after eating dust in the experiment in Table II. 


TABLE III. 


Elimination of Ingested Manganese. 


Mn per | Total Mn | Total Mn 
Date. 100 gm. | in urine | in feces Remarks. 
blood. | for 24 hrs. | for 24 hrs. 
1919 mg. mg. mg. 
Nov. 4-5 0.012 | 0.000 2.59) Control. 
Sf 5-6 0.014 172 f 
“f 6-7 0.008 5.99 He 
1 7-8 0.021 12.58) 5 gm. franklinite Nov. 7, 10 a.m. 
a is as “7, 4.80 p.m. 
as 8 0.024 Blood drawn Nov. 8, 10 a.m. 
3 8-9 0.012 | 748.1 | 5 gm. franklinite Nov. 8, 10 a.m. 
a te a “8, 4.80 p.m. 
“ 9-10 0.009 |1,830.5|5 “ w “79; 10 ae 
Hil 0.010 Blood drawn Noy. 10, 10 a.m. 
«10-11 0.000 | 772.6 | Control. 
Se d= 12 0.000 | 169.9 ee 
«12-13 0.000 Th 5} a 


Following out the suggestion that manganese is eliminated from 
the blood stream in the bile, the occurrence of the metal in this 
fluid was studied after feeding franklinite to three persons with 
biliary fistulas. All the subjects were hospital patients with con- 
stant drainage of bile following bile duct operations. Control 
analyses before giving the ore show that the normal manganese 
content of bile is very low while after eating the ore it was very 
markedly increased, especially in Cases 1 and 3-(Table IV). No 
quantitative comparison can be made between the total amounts 
of eaten and excreted manganese, for only a fraction of the ore 
was dissolved and absorbed in the stomach and intestines and 
not all the bile secreted was obtained through the fistula. Never- 
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theless, the results do show that the bile is at least one important 
path of elimination of ingested and absorbed manganese. 


TABLE IV. 


Elimination of Manganese in Bile. 


Date. Amount ingested. Mn per 100 gm. 
1 Aves 
1919 mg. 
Dec. 13 Control. 0.010 
aan 25 fe 0.0138 
PaAVLs bi 0.0138 
se veal 0) ‘i 0.010 
“7p 16 Ate 5 gm. franklinite 
see elit in 3 doses. 0.111 
penta Coa 0.100 
say ED 0.054 
Be Bi, Ab 
Feb. 16 Control. 0.003 
ee Si l(5} Ate 3.3 gm. franklinite 
Soe beled, in one dose. 0.011 
TN LS 0.006 
se LD 0.005 
a0) 0.005 
oe Dall 0.0038 
3. M. M. 
Feb. 17 Control. 0.003 
eee Hf 5 gm. franklinite in one 
18 dose. 0.108 
apd 2) 0.120 
Mh 930) 0.046 
Sal 0.027 
eer ae, 0.0383 
Soe 9 0.018 
Gh 0.018 


Effect on Blood and Tissues of Prolonged Feeding of Large Amounts 
of Manganese Ores to Dogs. 


Up to this point, the work on human subjects, while it proved 
the absorption and prompt elimination of manganese ore dust 
when swallowed, obviously could not be carried on for ‘long 
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enough periods to be in any way comparable to the long con- 
tinued exposure in the mills; neither has it been possible to obtain 
autopsy material from cases of poisoning in order to study the 
distribution of absorbed manganese in the body. Accordingly, 
animal experimentation was undertaken to obtain such data. 

Six healthy dogs were chosen as subjects and for a long period 
they were well cared for and fed a diet of bread and meat with 
which had been mixed their daily ration of a manganese ore. 
Blood specimens were taken from the jugular vein at intervals of 
1 month, and both the manganese and non-protein nitrogen con- 
tent was determined. The nitrogen determinations were made 
by Dr. Folin by the method of Folin and Wu (7). As there was 
no change in nitrogen level, these figures were omitted. 

Dog 6 was killed after 11 months because of poor condition due 
to an attack of distemper rather than to any effects that could be 
ascribed to manganese feeding. Dog 7 developed an extensive 
cellulitis and died after removal of a pus sac from his neck. The 
other four dogs were apparently in as good condition at the end 
of the experiment as at the beginning, an observation further 
substantiated by the fact that Dog 3 gave birth to four normal 
healthy puppies during the experiment. 

The figures in Table V show no significant change in manganese 
concentration in the blood during the entire course of the experi- 
ment. The fluctuations may be explained by the fact that the 
specimens were taken at varying intervals after feeding, and 
the different values simply further illustrate the fact that the 
manganese content of the blood is temporarily increased after 
eating manganese ores. The metal must, then, either be com- 
pletely eliminated or perhaps stored in some insoluble non-toxic 
form in certain tissues of the body. 

When it became apparent that it was impossible by feuding 
to produce any changes demonstrable in living animals, or to 
produce the slightest symptom of manganese poisoning, the dogs 
were killed and a complete analysis of the tissues was made. A 
comparison of the figures in Table VI with the normal values 
obtained by Lund, Shaw, and Drinker (8) for various dog tissues 
shows that the manganese content of all tissues in the dogs fed 
with ores is somewhat higher, the increase being more marked in 
the liver and bile as the results given in Table IV would lead one 


Legends. 


Dog 1. 6.7 gm. 
franklinite per 
day. Mar. 26, 
1919-July 5, 


1920. 477 days. 
Total 3,200 gm. 


= 304 gm. Mn. 


Dog 2. 6.7 gm. 
franklinite per 
day. Mar. 26, 
1919-July 5, 


1920. 477 days. 


Total3,200 gm. 
= 304 gm. Mn. 


Dog 3. 3.5 gm. 


Baker’s 82.5 per 


cent MnO, per 
day. 477 days. 
Total 1,600 gm. 
= 768 gm. Mn. 


Dog 5. 3.5 gm. 


Baker’s82.5 per 


cent MnO, per 
day. May 15, 
1919-Mar. 30, 


1920. 455 days. 


Total 1,450 gm. 
= 696 gm. Mn. 


Dog 6. 3.5 gm. 
rhodenite per 
day. May 15, 
1919-Mar. 30, 


1920. 320 days. 
Total 1,120 gm. 


= 269 gm. Mn. 


Dog 7. 3.5 gm. 
rhodenite per 
day. May 15, 
1919-Feb. 8, 


1920. 270 days. 


Total 950 gm. 
= 228 gm. Mn. 


Mar., 
1919. 


May, 
1919. 


mg. mg. 


TABLE V. 
Manganese in Blood of Dogs in Prolonged Feeding of Manganese-Containing 
Ores. 


July, 
1919. 


mg. 


Sept., 
1919. 


mg. 


0.028)0.035/0.033/0.026 


Nov.,| Jan., | Feb., | Mar.,| May, | July, 
1919. | 1920. | 1920. | 1920. | 1920. | 1920. 
mg mg. mg mg. mg. mg. 

0.011/0.030/0.018/0.010 0.016 


0.017/0.022/0.022'0.020\0.036|0.042/0.019|0.023|/0.016)0.024 


0.028)/0.020 


0.020 


0.040 


0.018 


0.018)0.020/0.018)0.036/0.016/0.010 


0.013|0.016/0.015|0.022/0.012|0.010/0.020/0.036 


0.024 


0.024 


0.022 


0.020 
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0.010/0.039/0.010} Tr. 


0.028/0.022/0.010 
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to expect; that is, the manganese in these tissues was in the proc- 
ess of being eliminated into the intestine. 
local storing up of the metal in any organ. 
analyses were supplemented by histological examinations which 
revealed nothing abnormal in any tissue. 


TABLE VI. 


There is no special 
The chemical 


Manganese Content of Tissues after Prolonged Manganese Ingestion. 


Form and total amount of Mn 
RNGESTCH. 5h cet sepa omer 


Duration of experiment, days... 


Tissue. 


Franklinite. 


304 gm. Mn. 


Dog 1. 


Franklinite. 
304 gm. Mn. 


Dog 2. 


Dog 3. Baker’s c.p. 
. MnOs. 768 gm. Mn. 


Dog 5. Baker’s c.p. 
MnOz. 696 gm. Mn. 


Rhodenite. 


269 gm. Mn. 


Dog 6. 


Rhodenite. 
228 gm. Mn. 


Dog 7. 


mg. 


mg. 


0.120} 
0.112 
0.284 
0.211 
0.088 
0.420 
1.56 

0.050 
0.067 
0.023 
0.046 
0.024 
0.130 
0.042 
0.055 
3.68 


* Lund, Shaw, and Drinker (8). 
+ Dog had eaten recently. 
t Brain analyzed as a whole. 


§ Whole brain. | 


mg. 

0.276 
0.170 
0.032. 
0.137 
0.081 
0.051 
0.114 
0.310 
0.030 
0.071 
0.153 


0.049 
0.009 
0.025 
0.225 


Mn per 100 gm. 


mg. 
0.545 
0.188 
0.0438 
0.100 
0.710} 
0.2038 
0.211 
0.396 
0.056 
0.040 
0.042 
0.1388 
0.082 
0.017 
0.023 
0.045 
1.08 


mg. 


mg. 


0.54 |0.90 

0.133)0.11 

0.046)0.031 
0.089)0.170 
2.147|0.059 
0.175|0.072 
0.168)0.062 
0.307/0.060 
0.040)0.047 
0.300)0.028 
0.039)0.081 
0.057|0.049 
0.031/0.088 


0.016 


0.666 


0.034 


1.70 


Average normal 
manganese 
content.* 


mg. 
0.238 
0.087 
0.022 


0.043 
0.028 
0.080 
0.023 
0.062§ 
0.044 


0.020 
0.101 
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SUMMARY AND CONCLUSIONS. 


Ores containing manganese as oxides and silicates are soluble 
in gastric juice. Manganese is absorbed in the blood stream 
causing in most cases a slight temporary rise in manganese con- 
centration followed by a quick return to normal. In none of the 
cases studied was the manganese content of the blood increased 
by the ingestion of manganese ores to a value more than double 
the normal level, and in some of the subjects no increase was 
noted. We suggest that individuals of the first group would 
probably be more susceptible to manganese poisoning than those 
of the latter. 

Even prolonged feeding of large amounts of manganese ore 
to dogs failed to produce significant changes in manganese con- 
tent of blood and tissues or to cause any pathological symptoms. 
Manganese ores are thus very non-toxic and in order to produce 
symptoms of poisoning must be ingested by individuals who are 
peculiarly susceptible. Clinical experience (1) has demonstrated 
that such persons are extremely rare. 
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The reason why there is no available information respecting 
the actual requirement of the healthy mammal for fat is attribu- 
table to the experimental difficulties heretofore inherent in its 
solution.! 

In a previous paper” we employed the word “fat” to designate 
the simple glycerides of fatty acids. Attention was specifically 
directed to the possible independent significance of ‘that hetero- 
genous group of substances designated ‘lipoids’.”” At the same 
time we reported that rats even doubled or tripled their body 
- weight upon fat-free rations consisting of a purified protein 
(casein or edestin), corn-starch, sucrose, and either natural 
protein-free milk extracted with anhydrous ether or ‘artificial 
protein-free milk”? composed of a mixture of inorganic salts and 
lactose. Despite this apparent initial success all the rats in the 
reported trials and many others conducted at that time failed 
to reach a large size and sooner or later began to decline in weight. 
Some of them died at this stage; others were restored by the use 
of milk food containing fat. In referring to this outcome we? 
remarked that ‘‘this failure to attain complete growth involves 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, Washington, D. C. 

1 A discussion of earlier attempts in this direction will be found in our 
monograph, Osborne, T. B., and Mendel, L. B., Feeding experiments with 
isolated food-substances, Carnegie Inst. Washington, Pub. No. 156, pts. i 
and 1i, 1911. 

2 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1912, xii, 81. 

’ Osborne and Mendel,? p. 84, foot-note 10. 
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some factor in nutrition other than the fat and is at present under 
investigation.” 

At that time the significance of the vitamines had not been 
clearly formulated. It was in part the outcome of these experi- 
ments which led us to the discovery of the fat-soluble vitamine.* 
The nutritive failure of the animals in the series of 1912 was 
undoubtedly attributable in part at least to a deficiency in this 
vitamine. The fact that the foods, though extracted with ether, 
had not been extracted with hot alcohol, and hence could not be 
regarded as lipord-free, may explain the not inconsiderable growth 
obtained, for the so called ‘‘lipoids’”’ include substances soluble 
in hot alcohol which may not dissolve in ether. Evidence since 
accumulated indicates that the so called fat-soluble vitamine is 
not always removed by ether unless the product has previously 
been treated with alcohol.® 

The recent controversy’’® regarding the necessity for fats in 
the diet fails to emphasize adequately the distinction in the 
significance of fats as sources of energy, carriers of vitamine, 
and of lipoids regarding the réle of which we are still largely 
uninformed. 

After citing the ability of rats to grow on a diet of casein, wheat 
bran, wheat starch, and butter in contrast with the failure to 
thrive in the absence of the butter, Aron’ has insisted that food 
fats have a specific nutrient value, ‘“Sondernaihrwert,’”’ which 
cannot be replaced by other foodstuffs. Thus he says: “The 
special nutritive value of food fats probably involves the presence 
of certain lipoids.’’® Aron’s thesis is essentially another plea for 
the recognition in some natural fats of nutritive factors not 
expressed in terms of calories alone. 


4 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1918, xv, 311. 

5 Osborne and Mendel,? p. 84. 

6 A discussion of this problem is being prepared for publication. 

7 Aron, H., Biochem. Z., 1918, xcii, 211. 

8 Aron, H., Biochem. Z., 1920, ciii, 172. Salkowski, E., Biochem. Z., 
1919, xciv, 205. von Gréer, F., Biochem. Z., 1919, xevii, 311. 

9 Aron’s actual experiments are not entirely convincing in so far as the 
benefits of the butter are ascribed entirely to the fat component. Butter 
carries a not negligible portion of non-fat milk solids which may include 
water-soluble vitamine, etc., in which his basal diet may have been low. 
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This by no means answers the fundamental question as to 
whether true fat is indispensable in the diet. Among the various 
explanations of the genesis of so called war edema has been the 
shortage of fats and of vitamines in the diet. Thus Schittenhelm 
and Schlecht! conclude from their extensive observations: 


“Die Erfahrungen, welche wir heute tiber den Einfluss fettfreier Nah- 
rung haben, beschrinken sich voéllig auf Tierexperimente. Die Tiere sind 
in ihrem Wachstum geschidigt und gehen schliesslich zugrunde. Beson- 
ders hervorstechende Krankheitserscheinungen scheinen dabei nicht 
aufzutreten. Wie sich die Wirkung andauernder fettfreier Ernaihrung 
beim Menschen dussern wiirde, miisste erst erwiesen werden. Man kann 
aber wohl annehmen, dass die Lipoidverarmung des Kérpers zu Stérungen 
Veranlassung geben kann, wenn man die lebenswichtige Funktion in 
Betracht zieht, welche den Lipoiden als mutmasslichen Bestandteil der 
Plasmahaut fiir die Aufnahme der Stoffe in die Zelle zukommt.”’ 


The experimental studies of Kohman"™ tend to make the fat 
deficiency explanation of nutritional edema untenable since they 
show that even in the presence of fats in the diet ‘‘a combination 
of low calories, low protein and excessive fluid intake will lead to 
a marked dropsy corresponding to war dropsy in all respects. 
The importance of specific vitamines seems to be excluded by 
these experiments.’’” 

Maignon"® supposes that the fats play an important réle in the 
utilization of protein, a réle which carbohydrates are powerless 
to fill. His experiments, conducted by feeding mixtures of more 
or less isolated food materials without due consideration to the 
now well recognized need of accessory food factors or vitamines, 
need not be further reviewed at this time. 

Attention has recently been concentrated anew on this question 
by a publication of von Gréer® from Pirquet’s clinic in Vienna. 
He has succeeded in attaining practically normal increments of 
weight in two infants who were fed during their first half year 
of life on a diet practically devoid of fat. This consisted of 


10 Schittenhelm, A., and Schlecht, H., Die Odemkrankheit, Berlin, 
1919; also Z. ges. exp. Med., 1919, ix, 1. 

11 Kohman, E. A., Am. J. Physiol., 1920, li, 378. 

12 Maver, M. B., J. Am. Med. Assn., 1920, Ixxiv, 934. 

13 Maignon, F., Recherches sur le réle des graisses dans l’utilisation des 
albuminoides, Lyon, 1919. 
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highly centrifugated milk" supplemented with an energy equiv- 
alent of cane sugar. Later a porridge containing skimmed milk 
and cane sugar and having twice the fuel value of whole milk 
was fed. According to a personal communication from Professor 
von Gréer to one of us (M.) this diet was adhered to strictly. 
He concludes that ‘‘the theoretical fat minimum of the human 
suckling as shown by these two nutrition experiments is in any 
event of such a small magnitude that, contrary to the current 
views, it may practically be disregarded.” 

It might appear as if this apparent success contravened the 
experience of numerous investigators, including ourselves, regard- 
ing the indispensability of the fat-soluble vitamine for the normal 
nutrition of growing individuals.” Several considerations, how- 
ever, must be taken into account. First, centrifugated milk is 
not entirely devoid of fat or of the fat-soluble vitamine.* Wel? 
have seen young rats grow to considerable size on diets of isolated 
foods in which the added daily supply of fat-soluble vitamine con- 
sisted of only 0.1 gm. of butter fat, and our early seemingly suc- _ 
cessful experiments with fat-free foods have already been alluded 
to. Second, it is by no means certain yet whether or not young 
animals have a certain store of this food factor which only grad- 
ually becomes exhausted.'!§ Third, the period of growth in von 
Groéer’s two clinical observations was comparatively short. 6 


144 Fat content about 0.01 per cent. 

15 Mendel, L. B., New York State J. Med., 1920, xx, 212. 

16 Cf. McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxiii, 233. 

17 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xli, 549. 

18 The question is discussed in some detail in a paper by Osborne and 
Mendel, soon to appear; see also Med. Research Comm., Nat. Health Insur- 
ance Re pccial Rep. Series, No. 38, London, 1919, 16, niall states:“‘. at 
for a short time the young paneer are able to grow when the fav saline 
factor is deficient in their diet. The explanation of this is probably sup- 
plied by the assumption that the animal organism normally contains re- 
serve supplies o the factor ‘A’ in its own body. If this hypothes’s is cor- 
rect it s reasonable to assume that these reserves are mobilized for use 
when a deficiency occurs in the diet, but as soon as they are exhausted 
growth is immediately inhibited. During the period of temporary growth, 
throughout which it has been assumed that the reserve supplies are being 
utilized, the animals show a normal appearance and there does not appear 
to be any decline in their health, but when the reserves are exhausted and 
the deficiency becomes felt, not only do they cease to grow but they become 
highly susceptible to bacterial infection.’’ See also Mendel. 
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months of human growth corresponds to a few days only of rat 
growth. In von Gréer’s experiments both children showed 
signs of interrupted growth in the course of the feeding periods 
(one of them after 3 months) and were attacked by illness which 
he ascribes to intercurrent infection during a prevailing epidemic 
of grip. The suspicion is raised that a lowered nutritive condi- 
tion may have contributed to this interruption of growth—a 
conclusion in harmony with experiments on animals living on 
diets poor in fat-soluble vitamine. 

In discussing von Gréer’s experiments Aron® writes: ‘‘ Young 
sucklings can, devélop apparently unharmed for several months 
on a diet practical fat- ane subsequently, however, disturbances 
in their well Being rise.’ 

He thereupon adds: ‘‘Children nourished on a diet poor in fat, 
as has been” demonstrated on other occasions,!® are not very 
resistant toward infections and are affected by them with excep- 
tional severity.” ‘ 

Here again there is a confusion between the possible effects of a 
lack of fats per se and a deficiency of the vitamine factor which is 
associated with them in milk fat and elsewhere. 

The ideal plan for ascertaining experimentally whether true 
fats are dispensable in nutrition would consist in adding the 
isolated fat-soluble vitamine to an absolutely fat-free otherwise 
adequate diet as the ration of growing animals. We have “con- 
centrated” the fat-soluble vitamine by preparing ‘‘butter oil’? 
as well as by extracting potent fractions of “oils” from certain 
plant products.!7> 74 

The appreciation of the distribution of the fat-soluble vitamine 
in considerable concentration among plant products, notably 
green leaves, not ordinarily classed as fat foods has made it 
possible to approach a reasonably successful method of investiga- 
tion. Consequently we have conducted new feeding experiments 
on young rats with diets presumably containing adequate 
amounts of both the fat-soluble and water-soluble vitamines, but 
exceedingly poor in true fats; 7.e., compounds soluble in pure 


19 Niemann, Berl. klin. Woch., 1919, 777. 

20 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1915, xx, 379. 

21 Osborne, T. B., and Mendel, L. B., Proc. Soc. Exp. Biol. and Med., 
1918-19, xvi, 98. Zilva, 8S. 8., Biochem. J., 1920, xiv, 494. 
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ether. The fat-soluble factor was supplied by dried alfalfa,” 
the water-soluble by dried yeast. The foods were prepared as 
follows.?$ 

The starch was first mixed with cold water and then gelatinized 
by pouring into boiling water. The meat residue and salts were 
added and the mixture was dried in air at about 70°. 

In the first series (Rats 6369, 6367, 6383) the food mixture 
consisted of meat residue 23, starch 72, and salt mixture 5 per 
cent. To furnish the necessary vitamines tablets containing 0.4 
em. of brewery yeast, 0.2 gm. of alfalfa, atid 0.2 gr. of cane 
sugar were fed daily apart from the rest of the food which was 
offered ad libitum. Rats 6367 and 6383 recel d additional doses 
of alfalfa, as indicated on Chart 1, during the latter period of 
their growth. 3 

The meat residue* yielded 1.6 per cent of ether attract. The 
diet. can at best be described as exceptionally low in true fats. 
Nevertheless the animals grew on it with vigor, reaching approx- 
imately 300 gm. when this report was prepared. In two cases 
(Rats 6367, 6383) the daily supply of alfalfa was increased to 1 
and 0.4 gm. respectively at a time when it seemed as if the amount 
of fat-soluble vitamine might be too small. This change increased 
very slightly the amount of true fat available for the animals. 

In order to reduce still further the fat component of the diet 
which, except in the very small fixed daily portions of alfalfa and 
yeast, increased with the augmented food intake of the large 
animals, a food mixture was prepared for which the thoroughly 
dried meat residue was extracted five times with ether containing 
a little alcohol. 

Extracting with anhydrous ether removed from the non-vita- 
mine portion of the food mixture 0.24 per cent of solids. On the 
basis of these data the largest daily intake of ether extract (fat(?)) 


22'The preparation and potency of this from young alfalfa leaves is 
described by Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, 
xxxvii, 187. Its content of ether-soluble material was 5.06 per cent. 0.2 
gm. of this dried alfalfa, as supplied daily to the rats, would thus contain 
only 0.01 gm. of fat (ether extract). 

23 The general conduct of such experiments by us has been described by 
Ferry, E. L., J. Lab. and Clin. Med., 1920, v, 735. 

24 For the preparation of this, see Osborne, T. B., and Mendel, L. B., 
J. Biol. Chem., 1917, xxxii, 309. 
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for any of the animals on this series was 0.078 gm., and this 
during a period when the weekly food intake reached the excep- 
tional amount of 174 gm. These rats (Nos. 6526, 6452, 6457), 
like those of the first series, have shown growth to large size 
(Chart 1). Inasmuch as all the animals starting on the diet with 
a body weight of approximately 70 gm. have quadrupled their 
weight within the usual time, and appear as well nourished as 
companion rats on diets containing liberal portions of butter fat 
or lard, we cannot avoid the conclusion that 7f true fats are essen- 
tial for nutrition during growth the minimum necessary must be 
exceedingly small. 

Hindhede,”? whose results with young men correspond to 
observations on laboratory animals, has contended that fat is 
not required in the diet if a sufficient amount of fresh fruits and 
vegetables is eaten daily to supply vitamines. 

The 80 to 90 gm. of the fat-free diets (about 3.8 calories per 
gm.) voluntarily eaten by the rats compared with the 60 to 70 gm. 
of our standard experimental diets containing 28 per cent of fat 
(about 53 calories per gm.) usually eaten by rats of similar size 
represents the adjustment to the energy needs of the animals, 

As they grew larger the difference in the consumption of the 
“fat-free” over the ‘“‘standard”’ ration became even more striking. 
Thus at a body weight of 270 gm. the animals frequently ate 125 
to 160 gm. or more of fat-free ie per week in contrast with an 
average of 82 gm. on the standard diet.. Incidentally the large 
intakes have resulted in the ingestion of large quantities of pro- 
tein. This has evidently not been detrimental to the rate of 
growth of the animals. On the other hand, in view of the very 
rapid gains made by these animals during the early weeks of the 
experiments, it may even be debated whether it has not repre- 
sented an actual advantage in the nutrition of growth. 


25 Hindhede, M., Molkerei-Ztg., 1918, xxviii, 152; abstracted in Chem. 
Zentr., 1918, ii, 745; Skand. Arch. Physiol., 1920, xxxix, 78. 
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Although it has been recognized that prolonged sojourns at. 
high elevations tend to upset the physiological equilibria and 
result in a permanent stimulation of the hematopoietic apparatus, 
the time required for these changes still remains a matter of 
conjecture. In regard to exposures to low pressure of short 
duration such as are met with in aeroplane flights, the current 
opinion is that the mainly respiratory and circulatory effects are 
of a transitory character, and that the cellular life of the body 
is left undisturbed. If it could be demonstrated that a few 
hours stay in high altitudes is sufficient to stimulate the blood- 
forming organs to increased activity, such a discovery would 
be, from a therapeutical point of view and taking into considera- 
tion the ease in reaching high elevation that is offered by modern 
aviation, of a far reaching interest. It must be expected, how- 
ever, considering the difficulties that for a long time kept the 
blood changes during prolonged sojourns at high elevations open 
to argument, that the crucial test of a stimulation of the bone 
marrow occurring from only a short exposure to low pressure 
would be still more difficult to produce. 

The older data on the subject, obtained from observations 
during balloon ascensions, are contradictory. While Gaule (1) 
claimed that he found evidence of a stimulated formation of 
red cells, von Schroetter and Zuntz (2) were unable to confirm 
his observations; they admit, however, that the blood-forming 
organs may be hyperemic after a few hours stay at an altitude 
of 4,000 meters. The permanent increase of erythrocytes Kuhn 
(3) and others have observed from use of the ‘‘suction mask”’ 
has been attributed by them to a direct effect on the bone mar- 
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row, and, although it must remain doubtful whether their pro- 
cedure can be compared with an exposure to low pressure, their 
extended time of observation seems to warrant their conclusion 
that the bone marrow may be sensitive to a deficient oxygen 
supply of very short duration. 

Gregg, Lutz, and Schneider (4) in a recent piece of research, 
in which they interned a great number of men in a low pressure 
chamber for short periods of time, found in the majority of 
cases an increase in the number of red cells, but they are inclined 
to the view that an “increased production of hemoglobin and 
erythrocytes by the bone marrow is improbable” and that the 
change is due either to a concentration of blood plasma or to a 
dormant supply of old blood corpuscles. 

The emphasis Abderhalden (5) has laid upon the necessity of 
combining blood countings with biochemical methods for reach- 
ing an understanding regarding the blood changes during pro- 
longed sojourns in high altitudes, seems to hold true also in the 
controversy whether the increase of red cells, occasionally observed 
after short exposures to low pressure, is caused by a stimulation 
of the erythropoietic organs or not. It is evident that the bio- 
chemical methods one of us (6) has employed to test the increase 
of erythrocytes in mountain trips would be useless for our present 
problem; that, however, the biochemical equilibria of the body 
may be profoundly affected by short exposures to low pressure 
may be learned from investigations of Haldane and coworkers (7) 
in which they found changes of the acid-base equilibria, similar 
to those that have been demonstrated by one of us (8) to take 
place during prolonged stay at high elevation. 

Masing (9) has suggested the use of the phosphorus content 
of the erythrocytes as a criterion of the presence of newly formed 
red cells; a higher percentage would then indicate a stimulation 
of the erythropoietic organs. Considering the presence, accord- 
ing to the hematologists, of nuclear remnants in the circulating 
red cells, Masing’s idea seems to be worthy of adoption, in the 
light of recent investigations of Bloor (10). It is, however, 
doubtful whether any decision can be reached as to the average 
age of the erythrocytes from analysis of the red corpuscles for 
phosphoric acid. Furthermore as it has been found that the 
corpuscle volume may vary within wide limits, the rough figure 
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for the phosphorus content of a unit volume of packed corpuscles 
is misleading for our present purpose. The average phosphorus 
content of an individual red cell, which for our inquiry would be 
instructive, -is affected with such an excessive experimental error 
as in most cases to make its use imaginary. 

Recognizing the obstacles referred to above, but anyhow hop- 
ing to arrive at results that might throw some light on the ques- 
tion whether any stimulation of the blood-forming organs occurs 
when they are subjected to a decreased oxygen supply, we decided 
to combine estimations of the phosphorus content of the blood 
with blood countings in animals kept for a few hours at arti- 
ficially decreased pressure. We were the more induced to under- 
take the investigation as no data are available regarding the 
phosphorus content of the blood in high altitudes; and in addition 
as such a research would furnish a great number of data with 
reference to the normal variations of the total phosphoric acid 
and its different fractions. One of us (6) has speculated whether 
the constant phosphorus retention he found, combined with a 
lowered bicarbonate content of the blood, could possibly depend 
on the participation to a greater extent of the phosphates in the 
buffer value of the blood in high altitudes. It may be said in 
this connection that our present investigation wholly disproves 
this suggestion, which was formulated because of lack of infor- 
mation of the high phosphorus content of the red cells, which 
fully explains the positive phosphorus balances observed. 

We employed for our experiments a low pressure chamber that 
had been constructed by one of us (E. S. 8.) for artificial high 
altitude experiments on small animals. The apparatus consists 
of a cylindrical vessel made of heavy galvanized sheet iron 
(height 50, diameter 65 cm.) with concave bottom and top, and 
with twelve vertical wrought iron braces branching off to support 
the top. In the center of this is a round window, 35 cm. in diam- 
eter, surrounded by a rim for a rubber gasket. On the rubber 
gasket is placed a piece of rubber tubing on which rests a piece of 
plate glass, 3 inch thick. By this simple arrangement a her- 
metical sealing is accomplished when the pressure inside the 
apparatus is decreased. The evacuation of air is done with a 
suction pump, driven by a +} horse power electrical motor. A 
constant pressure is attained by adding to the constant air inlet 
an intermittent one, which is controlled by a mercury manometer. 
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When the pressure reaches a certain point a contact is made, 
closing a circuit from two dry cells, which in turn by means of a 
relay closes the main circuit and opens a valve in a modified gas 
faucet,’ connecting the chamber for a moment with the outside 
air. This automatic device can be relied upon to keep the pres- 
sure inside the apparatus constant for any length of time, even 
at a vacuum of 650mm. For experiments extending over longer 
periods of time the apparatus is supplied with a device for feeding 
the animal, with an arrrangement to collect urine and feces, 
which consists of an inner enameled metal funnel around the wall 
to half its height and passing through the bottom of the chamber. 
The feces are collected on a wire net suspended above the bottom 
of the funnel. A water-sprinkling device of simple construction 
is further added in order to rinse off the urine at the end of certain 
periods without necessitating the lowering of pressure. 

As experimental animals rabbits were chosen, as their quiet 
habits minimize the errors that might in a work of this kind 
result from excessive struggling. The blood samples were drawn 
from the heart, one before putting the animal into the apparatus, 
the other immediately after restoring normal pressure. To 
enable quicker handling the animal was tied down on its back in 
a box in as comfortable a position as possible and it soon became 
quiet, especially when the pressure went down. While thus in 
the low pressure rabbits were comparatively quiet; the control 
animals, which were also tied down and otherwise treated exactly 
as the former ones, occasionally tried to pull themselves loose. 
The experiments were started in the morning before the rabbits 
had been fed. The reduction of pressure was rapid, requiring 
only 2 to.3 minutes, and the restoration of normal pressure took 
place in about the same length of time. 

In the first ten experiments 25 cc. of blood were drawn, in 
other experiments only 15 ce. were taken. 0.5 per cent of powdered 
potassium oxalate was added to prevent clotting. The same 
hemocytometer was used throughout the work and only duplicate 
countings that were nearly identical were accepted. 

In order to test out whether the peripheral blood differs in its 
red count from the blood from central organs we did a few parallel 
countings in the blood from the heart and from the ear vein as 
well. The figures agreed with each other within the limits of 
experimental error. 
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The methods for the determination of phosphoric acid constit- 
uents in blood have been described previously (11) and certain 
modifications of the methods which have been used in this work 
are discussed in the following paper (10). A special form of 
hematocrit was used for the work and since it has proved accu- 
rate and satisfactory a brief description is desirable. The appa- 
ratus consists of the hematocrit proper and a container. In 
making the hematocrit two sections of capillary tubing of even 
bore, 1 mm. inside, 5 mm. outside diameter, and 150 mm. long, 
were cut off and the sharp edges of the ends beveled a little so 
that they would not break when used in the centrifuge. The 
container consists of a length of glass tubing about 120 mm. 
long, 15 mm. inside diameter, and with walls at least 1 mm. thick. 
This was fitted with a 10 mm. section of solid rubber stopper at 
one end and with a stopper perforated to admit the hematocrit 
tube at the other. 

In use the well mixed blood is drawn up into the hematocrit 
tube to a height of 12 or 13 em., held there by a finger over the 
upper end, the excess blood wiped off, and the lower end sealed 
by a disk of gummed label cut to the size of the tube. The 
hematocrit containing the blood is then placed in the container 
through the perforated stopper at the top, pushed firmly against 
the stopper in the bottom, and the container placed in the metal 
tube of the centrifuge. After centrifugation the length of the 
column of total blood and of corpuscles is measured with an 
accurate scale and the percentage of corpuscles calculated. The 
variation in values of duplicate samples using these tubes is 
generally within 1 per cent of the total value. Values obtained 
with the hematocrit are always lower, generally one or two points, 
than values obtained from ordinary graduated centrifuge tubes 
under the same conditions. 

Of thirty-one experiments in all, nineteen were low pressure 
experiments. In three experiments the pressure was reduced to 
to 350 mm., in eleven to 400, and in five to 450 mm. Twelve 
were control experiments at normal pressure. One attempt was 
made to bring the pressure down to 300 mm., but the rabbit 
died after 4 hour. In twenty-one experiments the animals were 
exposed to low pressure 3 hours, in the rest the time varied from 
15 to 53% hours. 
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TABLE I. 
Red Corpuscles, Hematocrit Value, Corpuscle Volume, and Phosphoric Acid 
Content—Total, Inorganic, Organic, and Lipoid—in Corpuscles 
and Plasma per 100 Cc. 
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TABLE I—Continued. 
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In Table I the results of the experiments are recorded respec- 
tively for red count, hematocrit value, corpuscle volume (obtained 
by dividing the volume of red corpusclés in 1 c.mm. of blood as 
expressed by the hematocrit value in one-thousand millionth of a 
c.mm., or as we prefer to express it in u® as unit, by the number of 
red cells in 1 ¢.mm. of blood), and phosphoric acid content in blood 
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corpuscles and plasma, both the directly determined total amount 
and its fractions—inorganic, organic, and lipoid. In the table, 
A designates the series at the beginning and B the series at the 
end of each. experiment. 

The complete analysis of the blood of twenty-eight normal 
rabbits for phosphoric acid constituents as given in Table I makes 
it possible to establish tentative average values and variations 
for these constituents in normal rabbits. 


Blood Count.—Thirty samples (including extra samples at different times 
from Rabbits 16, 17, and 19 and excluding No. 25 which was definitely 
anemic). Average 5.66; highest 7.19; lowest 4.68 millions. 

Hematocrit Value.—On the same animals. Average 34.67; highest48; 
lowest 27.5 per cent. 

Plasma Phosphate.—Inorganic Phosphate.—Twenty-six animals. Aver- 
age 9.76; highest 14; lowest 5.0 mg. per 100 ec. 

Lipoid Phosphate.—Twenty-five animals. Average 11.46; highest 25; 
lowest 5.0 mg. 

Corpuscle Phosphate.—Inorganic Phosphate.—Sixtéen animals. Aver- 
age 14.2; highest 28; lowest less than 3.0 mg. per 100 cc. of corpuscles. 

Organic Phosphate.—Nineteen animals. Average 257; highest 315 (in 
the anemic rabbit) ; lowest 200 mg. per 100 cc. 

Lipoid Phosphate.—Average for 27 animals 68.4; highest 110; lowest 
38 mg. per 100 ce. 


Since for our present study the absolute figures are of minor 
importance, the interest centering around the changes taking 
place in the blood from the exposure to the low pressure, we 
have in Table II calculated the percentage changes of the number 
of erythrocytes, corpuscle volume, corpuscle phosphates, and 
plasma phosphates, total, inorganic, and lipoid. The experi- 
ments are arranged according to pressure and time of exposure. 

It is regrettable that our experimental methods involved a loss 
of 5 to 6 per cent of the blood of the rabbit at the commence- 
ment of each experiment. It is well known that large hemor- 
rhages themselves may stimulate the blood-forming organs. 
A priori it is impossible to tell to what extent the hemorrhage 
might have interfered with the effect of the internment in the 
low pressure chamber. On the other side the objection may be 
raised that the awkward position of the animal during the 
experiment in some way may affect the composition of the blood. 
As already mentioned real struggling of the animal very seldom 
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TABLE II. 
Changes in the Number of Red Corpuscles, Corpuscle Volume, Total 
Phosphorus of Red Cells, and Total, Inorganic, and Lipoid 


Phosphorus in Plasma. 


No. of experiment. 


“Tdeal’’ controls. 


22 
26 
27 
28 
29 
30 
dl 


Controls, second ex- 


posure. 
20 
21 
22 
Control. 
AR 
Control. 
247 


Low pressure experi- 


ments. 


Pres- 
sure. 


mm. 


760 
760 
760 
760 
760 
760 
760 


760 
760 
760 


760 


760 


300 
300 
300 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
450 
450 
450 
450 
450 


oo 
nie bol 


Nr NN eRe 


Colt cole 


nik 


eRe! ce tae ae eee eee ba 
cole 


No. of red|Corpuscle 


cells. 


per cent 


One 
—2.0 
+4.4 
—4.2 
—5.2 
—10°3 
—4.9 


ars AE) 
+6.1 
SEOES 


+15.6 


(—22.9)|(+16.8) 


(ee eee 


Se NN Om Web 
maamon w wor bv 


| 
_ 


volume. 


per cent 


+4.2 
—2.5 
+4.1 
—0.8 
= .6 
+2.8 
=i 


—9:2 
—15.2 
—2.1 


+37 


Phosphorus. 


Totalin -_| Inor- | Lipoid 
corpus- ee ganicin| in 


per cent|per cent 


0 0 
—11.0) 0 

OQ |—21.7 
+4.5)/—11.6 
+8.5| —7.6 
—3.8) —5.1 
—5.1; +1.0 


+1.3/—18.6 
—1.5) =322 
—0.2/—18°5 
+4.3) +9.5 


—1.8)/—28.9 


asma.|p 


per cent|per cent 


—18.0} —6.5 
0 0 
—41.0}.—1.1 
—36.0} —6.0 
—8.3| “OU 
—20.0) +2.1 
=3.2) 
—34.8/+18.8 
+11.9) —9.0 

—17,-9) 7 0 
+14.3/4-43.0 
—45.1|—22.3 


—2.9 | +1.4)/—17.0/—16.7|—25.2 


—18.3 
—15.2 
+1.6 
—6.6 
+5.2 
—9.3 
+6.2 
—11.9 
—3.9 
—/ 6 
+3.9 
—15.2 
+10.8 
ove 
+10.4 
+2.8 


+10.5)—14.3 
+13 .5|—27.9 

0 |—22.3 
—4.5|/—27.9 
+6.2}—18.8 
+14 .9|—25.9 
412 .2}—11.7 
+6.7| —6.9 
—1.5|—23.9 
+8 .0/—36.4 

0" | 4384 
+12 .1)/—23.0 
++5..4) =paeo 

0 |—30.0 

0). |—23.5 
—7.0|—25.4 


—20.4| —7.4 
—24.3} 0 


—16.0|—17.3 
+7.2| —3.8 
—35.2|/—11°8 
—11.8} —8:0 
—32.8|—18.0 
—46 .8)—17.3 


—19.4|—27.9 
+11.3} 0 

—49.5|/—15.7 
—34.0/—15.0 
—34.2|—14.2 


—12.0 | +7.0)—19.0|—21 4/1677 
—7.0.| +1.1) +4.3/4+18.0)/—13.1 


* Anemic; red corpuscles 3.34 millions. 
{ Very small rabbit, 2.78 kilos. 
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took place. By adding a great number of control experiments, 
in which the rabbits were treated in exactly the same manner 
as in the low pressure experiments, we believe that we have over- 
come the above named difficulties. As will be seen some changes 
occurred to about the same degree in both the main series of 
experiments but it would be difficult to understand why other 
changes were met with only in the low pressure series, if it were 
not that these changes are attributable only to the new environ- 
mental factors of the low pressure apparatus. 

Of the twelve controls the first seven (in Table II) were in all 
respects ideal ones. In the next three the rabbits had 3 weeks 
previously been used for low pressure experiments and presum- 
ably because of this earlier ‘sensitizing’? these experiments 
present differences from the other controls. In the next experi- 
ment the rabbit was anemic at the beginning and consequently 
may be supposed to have reacted more strongly to the hemor- 
rhage than the others; while in the last of the controls the rabbit 
was unusually small. 

Turning our attention to the percentage changes in the ideal 
controls we recognize that they are, with sole exception of the 
red count and inorganic phosphates, small and in most cases 
within the limits of experimental error. The decrease of the 
number of red corpuscles varies with exception of only No. 26 
between 2.0 and 10.3 per cent, with an average of 5.5 per cent. 
When we calculate the blood volume from the body weight and 
compare the amount of drawn blood with this hypothetical 
blood volume, we arrive at approximately the same figure. It 
_ thus appears as if the decrease of red count bears a relation to 
the amount of hemorrhage, which seems to indicate that no dor- 
mant supply of erythrocytes was drawn upon. 

The changes in the corpuscle volume vary between +4.2 and 
—7.6 per cent and as the experimental error of the corpuscle 
volume equals the superposed errors of two different estimations, 
we are inclined to the view that no change of the corpuscle vol- 
ume took place in the ideal controls. 

The total phosphorus content of the packed corpuscles varies 
in the seven experiments between +8.5 and —11.0 per cent. As 
the figures in five of the cases are well within experimental error, 
it is doubtful whether any significance can be attached to the 
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two somewhat larger deviations. Moreover, the problem, that 
for our present inquiry would be more important than the phos- 
phorus content of the mass of mixed corpuscles, namely the 
average phosphorus content of an individual red cell, is difficult 
to approach because of the trebled experimental error. We have, 
however, satisfied ourselves, as to this matter, but we have failed 
to discover anything that would point in the direction of a change 
of the phosphorus content of the single erythrocyte. The devia- 
* tions were equally distributed around the average. 

Regarding the change of phosphorus content of the plasma we 
notice a decided difference between the two main fractions, 
inorganic and lipoid phosphorus. While the change of the 
inorganic phosphates is, in all cases except one, strongly negative 
the lipoid fraction remains remarkably constant, the total 
phosphates occupying an intermediate position. The average 
decrease of inorganic phosphates is 18.1 per cent, of lipoids 1.6 
per cent. It seems possible, therefore, that the lipoids were little 
if'at all affected by the restoration of the blood to its normal 
volume. 

Postponing the discussion of the remaining control experi- 
ments at normal pressure till later, we pass over to a consideration 
of the low pressure experiments. The number of red corpuscles 
(Table II) does not allow us to draw any sweeping conclusions, 
as the percentage changes vary between +11.1 and —14.5. 
Since the positive deviations occur mostly at the lower pressures, 
although the amount of blood drawn was in these cases somewhat 
larger, it is, however, probable that increase of red cells, notwith- 
standing the loss of blood, was due to the lowered atmospheric 
pressure. If 5 per cent of the negative changes is considered as 
due to the loss of blood we find that in the majority of cases at 
350 and 400 mm. an increase of erythrocytes had taken place. 
But even the negative changes are noteworthy, as in high alti- 
tude researches it has often been found that a decreasing effect 
on the number of erythrocytes may precede the increasing one, 
making it probable that lability of the number of red corpuscles 
is a typical feature. On the other hand, although naturally a 
stimulation of the erythropoietic organs most frequently is 
accompanied by an increase of circulating red corpuscles, an 
absence of this latter phenomenon does not seem to exclude a 
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greater activity of the bone marrow, as it is possible that the 
newly formed red cells may linger there for some time before 
they enter the circulation. 

The change of the corpuscle volume varies between +10.8 
and —18.3 per cent. The maximal negative changes, which 
undoubtedly exceed the experimental error, are found after 
exposures to very low pressure. The largest positive change is 
reached after an exceptionally long exposure (53 hours) to 400 
mm. We are therefore inclined to the view that the present 
study confirms the results reported by one of us (12), that low 
pressure tends to alter the size of the erythrocytes. Whether 
these changes bear any relation to changes in the hydrogen ion 
concentration of the blood, as suggested, we are not in a position 
to answer, although the determination of the dissociation curve 
of the oxyhemoglobin in some of the experiments apparently 
pointed in this direction. 

While very little weight can be laid upon averages, when the 
“number of cases is small, it occurred to us that it might be of 
some interest to calculate the average change of corpuscle volume 
at different pressures. 


Pressure, i Corpuscle volume. 
mm. per cent 
S00) 6 og GRP OR RT See NEES Pea RO AC ode a rantt Se Dt Aria cies becad Diaainc 4 —12.1 
NU 3 4 SRM ee OUR ee, AAA gn ROOM RE Ope ae, MMR TRE ec —3.8 
4D) eh kena ae IEE RRS CREE UCAS SPER ER EMERS GIS Sac tere SNORE ot cco c +0.8 
OU MEMS r a ei Rsiate Brcneg sees cies attra ite cielo. estan eterionaie: Statamets Stat see Ree —0.8 


The changes in the total phosphoric acid content of the cor- 
puscles vary between +14.9 and —7:0 per cent. We further 
recognize that most of the changes are to the positive side and 
that the maximal ones of these occur at the lowest pressures. 
We would attach more importance to the prevalence of positive 
changes and believe that they indicate an increase of the phos- 
phorus content of the corpuscles at high altitudes if we had suc- 
ceeded in confirming them by calculating the phosphorus content 
of individual red cells. The maximal positive change is 19.1 
per cent, and the maximal negative change is 11.1 per cent; the 
average change is +1.0 per cent. In the first seven control 
experiments the corresponding figures are 12.4, 13.2, and +1.2. 
In only two experiments is the positive change of the individual 
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corpuscle content of phosphorus safely beyond the limits of 
experimental error. In one of the cases the duration of the 
experiment was twice the average duration and it is possible that 
if we had extended the duration in other experiments still longer 
we would have been able to discover an increase of the individual 
corpuscle H;PO, content proportional with the length of time. 

The estimation of the lipoid phosphorus content in individual 
red cells revealed that only in three cases was the change beyond 
the limits of the experimental error. All these changes were 
negative (15.8, 17.0, and 13.9) and, as will be seen, coincided with 
maximal negative changes of the plasma lipoids. 

If we turn our attention to the plasma phosphates in the low 
pressure experiments there seems to be no doubt that a decrease 
has taken place and this applies equally well to the inorganic and 
lipoid phosphorus and to the total phosphorus. The average 
decrease of the inorganic phosphorus is at 350 mm. 18.6, at 400 
mm. 20.2, and at 450 mm. 24.2 per cent, with a total average of 
21.3 per cent. The average decrease of the inorganic plasma 
phosphorus in the seven controls is 18.16 percent. It therefore 
appears as if the decrease of the inorganic phosphates in soe 
were attributable to the bleeding alone. 

The decrease in the low pressure experiments for lipoid phos- 
phorus is at 350 mm. 16.3, at 400 mm. 11.6, and at 450 mm. 
14.9 per cent, with a total average of 13.2 per cent. When com- 
pared with the constancy of the lipoid phosphorus in the seven 
control experiments (average 1.6 per cent) these figures lead us 
to the conclusion that the decrease of lipoid phosphorus is caused 
by the low pressure treatment. The fact that no change of the 
lipoid phosphorus occurred in the two experiments of the shortest 
and longest duration seems to indicate that the greatest decrease 
takes place between 14 and 53 hours. 

It now remains to seek an explanation for the decrease of 
plasma lipoids, which seems to be confined to the low pressure 
experiments. Effects of digestion and work are excluded as the 
animals were fasting and were tied down. Complete muscular 
inactivity could, naturally, not be obtained, but as to possible 
effects of struggling it has been pointed out that the control 
animals were more restless than the others. It seems certain that 
an enrichment of the circulating red cells with lipoids, that would 
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result in an impoverishment of the plasma in these substances, 
did not occur, as it was found that the greatest decreases of the 
plasma lipoids were accompanied by proportional decreases of 
the corpuscle lipoids. Thus the three maximal changes of 
plasma lipoids to the negative side (27.9, 25.2, and 18.2 per cent) 
corresponded to the three greatest changes in the same direction 
of the individual corpuscle lipoids (17.2, 15.8, and 13.9 per cent). 
Instead of compensating for the loss of lipoids from plasma by 
storing up lipoids, it is probable that even the circulating red 
cells may be compelled to contribute some of their own lipoids. 
But where are all these phospholipoids that probably consist 
mainly of lecithin deposited? While the inorganic phosphates 
are easily eliminated from the body through the kidneys (although 
such an explanation of their decrease in the plasma is doubtful 
in the light of the fact that a retention of phosphates is a constant 
phenomenon in high altitudes) such an output of the lipoids is 
out of the question. A dilution of the blood would likewise be 
contrary to the repeated observation that the blood plasma tends 
to become concentrated at high elevations. The most probable 
alternative is that the lipoids have been taken up by some part 
of the body itself. 

A number of investigators have tried to elucidate the effect of 
small doses of lecithin on metabolism. In all the cases where the 
experiments have been well controlled (13) a retention of nitrogen 
and phosphorus and partly also of sulfur has been found, indicat- 
ing a formation of new body protein. Other observers (14) have 
paid attention to the effect of injections of lecithin on the number 

-of red corpuscles and have been able to find a rather constant 
increase. That lecithin probably plays some role in the function 
of the erythropoietic organs is evident from the fact that the 
bone marrow contains comparatively large amounts of lecithin 
and that this percentage is higher in the red marrow of young 
animals (15). Whether the hypothesis that the lecithin acts as 
a bridge to the nucleins, these proteins obtaining their phosphorus 
supply from the lipoids, will prove correct is impossible to tell; 
however, if that is the case, the beneficial effect of lecithin injec- 
tions on the number of red cells would be satisfactorily explained. 
The lecithin requirements for the formation of new erythrocytes 
would, furthermore, throw light on the changes of the plasma 
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lipoids at low pressure. A part of these would be taken up by 
the blood-forming organs... If future investigations prove that 
this is true, the almost immediate reaction of the bone marrow to 
lowered pressure in the direction of a stimulation, which we are 
now able. to offer only as a hypothesis, will at the same time 
obtain a firmer foundation. 

As already mentioned, in the control experiments, Nos. 20, 21, 
and 23, the animals had 3 weeks previously been exposed to low 
pressure. One of us has directed attention to the sensitizing 
effect of sojourns in high altitudes (16) to very small changes in 
atmospheric pressure. It seems possible that the difference the 
three above named rabbits presented from the other controls 
can be explained in the same way; namely, that these animals 
reacted more strongly to the hemorrhage than the others. In 
spite of the loss of blood of all the rabbits, their blood contained 
a higher number of red cells after than before the experiment. 
The effect on the corpuscle volume was also more marked and in 
a negative direction. The effect on the plasma phosphates 
varied to a great extent; e.g., in one animal the lipoid phosphorus 
increased by nearly 19 per cent. It deserves mentioning that 
the initial number of red corpuscles in the second experiment 
on the same animals exceeded the initial counting in the first 
series by 2.2 to 7.3 per cent. A greater number of comparative 
red counts would, however, be necessary to ascertain whether the 
stimulation of the bone marrow, that we have indicated, lasted 
for such a long period of time. 

We have found that in normal rabbits a loss of about 5 per 
cent of the total blood volume does not seem to stimulate the 
bone marrow to greater activity during the first hours after the 
hemorrhage. It would have been interesting to study the effect 
of the bleeding of animals that at the onset of the experiment 
were anemic and of the effect of a somewhat proportionally 
larger hemorrhage. Only one experiment of each of these kinds 
is available in our series; namely, Experiments 25 (anemic rabbit) 
and 26 (smallest rabbit in all the series, therefore a proportionally 
greater loss of blood). In the former animal all the recorded 
blood changes are to the positive side. Expecially the increase 
of the number of red corpuscles and of the lipoid phosphorus of 
the plasma is noteworthy, but it would be futile in a single case 
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to speculate as to the coincidence of these two changes. In the 
latter experiment we are the more prevented from drawing any 
conclusions as the incongruence of the blood count and hemato- 
crit value makes us suspect some error in the sampling of the 
blood for the counting. In such a case the figures for the red 
count and the corpuscle volume would be incorrect. However, 
the great decrease of all the main phosphorus fractions would 
then remain unexplained. It is possible that our estimations 
are correct and that the low body weight of the rabbit and there- 
fore resulting disproportionally large loss of blood are responsiple 
for the changes in question. 


SUMMARY, 


1. A self-regulating and inexpensive apparatus for animal 
experiments at low pressure is briefly described. 

2. A convenient and accurate method for obtaining the hema- 
tocrit value by use of a high power centrifuge is given. 

3. The variations of the content of phosphoric acid and its 
fractions—inorganic, organic, and lipoid—of the corpuscles and 
plasma of normal rabbits are discussed. 

4. From comparisons of the percentage changes in the number 
of erythrocytes, of the corpuscle volume, and of the phosphorus 
content. of corpuscles and plasma of rabbits that have been 
subjected to a small hemorrhage and then exposed for a short 
period of time on the one hand to normal pressure and on the 
other hand to pressures from 350 to 450 mm. it is concluded that: 

(a) While at normal pressure the change of the number of red 
cells corresponds to the loss of blood from the experimental 
hemorrhage, the greater alteration of the number of erythrocytes 
at lower pressures is due to the low pressure. 

(b) At very low pressures a decrease in the size of the red cor- 
puscles occurs. 

(c) The phosphorus content of the red cells does not undergo 
any marked change. In a few cases the decrease of the lipoid 
phosphorus is probably beyond experimental error. 

(d) The change in the inorganic phosphorus of the plasma is 
negative, and of the same amplitude in control and iow pressure 
series. 


>. 


170 Effects of Low Pressure 


(e) The most characteristic feature of the low pressure experi- 
ments, when compared with the controls, is a constant decrease 
in the former of the lipoid phosphorus of the plasma. 

5. It is suggested that the decrease of the lipoid phosphorus of 
the plasma at low pressure indicates an enrichment of the ery- 
thropoietic organs with lipoid material and that this may be the 
first phase of a stimulation of these organs resulting from a lower- 
ing of the atmospheric pressure. 
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BLOOD PHOSPHATES IN THE LIPEMIA PRODUCED BY 
ACUTE EXPERIMENTAL ANEMIA IN RABBITS. 
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It is probable that lecithin or a similar phospholipoid is an 
intermediate step in the utilization of fat in animals, since, aside 
from the close chemical relationship, it has been shown on the 
one hand that accumulation of fat in the liver in various condi- 
tions is probably followed by a transformation into phospholipoid 
‘in the organ (1), that during fat absorption lipoid phosphorus 
increases in the blood (2), and that in diabetic lipemia (3) the 
high values for fat are always accompanied by high lecithin 
values. On the other hand phospholipoid has been found to 
decrease in blood plasma during the formation of fat in milk 
secretion (4). In general it has been found that wherever there 
are variations in the fat of the blood they are accompanied by 
corresponding changes in the phospholipoid (3, 5). 

In continuing the study of the relation of the lipoid phosphorus 
to fat metabolism, it seemed desirable to include a study of other 
phosphoric acid compounds in the blood so as to discover what 
relation, if any, existed between them and the lipoid phosphorus 
and what form of phosphoric acid combination participated in 
the formation of phospholipoid from fat. For the purpose of the 
study, the lipemia produced by acute experimental anemia 
described by Boggs and Morris (6) was chosen as a beginning, 
since this type of lipemia is easily produced in rabbits, reaches 
remarkable heights, and has been recently the subject of a study 
with regard to the variations in the blood lipoids during the 
course of the lipemia by Horiuchi (7). Moreover, as the result 
of some experimental work in this laboratory it seems likely that 
the condition is not easily produced in dogs, which offers a means 
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of differentiating between changes referable to the lipemia and 
those due to regeneration of blood corpuscles. 

In the lipemia which follows repeated large bleedings in rabbits, 
Boggs and Morris found total fat values up to 4.5 per cent with 
fatty acids of high iodine value, and increase of lecithin, but no 
cholesterol. Horiuchi found similar high values for fat (total 
fatty acids) in plasma up to twenty-five times the normal value 
(4.4 per cent), increases of lecithin up to seven, and cholesterol up 
to eight times the normal values. The changes in the corpuscles 
were relatively much less, at no time rising much over twice the 
normal values for any of these constituents. Horiuchi found 
that the lipemia occurred whether the animal was on a high or 
low fat diet but was produced more readily and lasted longer on 
the high fat. In the work to be reported below a study has 
been made of the same condition from the point of view of the 
phosphoric acid compounds of the blood, both with the idea of 
inquiring into the relation of these compounds to the metabolism 
of fat and also of following the changes in these substances during 
the bleeding, in their relation to blood regeneration. It was 
desirable to find out for example which group of these compounds 
took part in the formation or resulted from the decomposition of 
lecithin and whether the organic phosphorus present in small 
amounts in plasma and in relatively very large amounts in cor- 
puscles bore any relation to the loss of the nucleus in red cells. 
during their formation. 

A full discussion of the various phosphoric acid compounds of 
the blood was given in an earlier paper (8) but a short summary 
of the available knowledge on the subject will not be out of place 
here. In blood plasma, phosphoric acid is present as inorganic: 
phosphate, as phospholipoid, and in small amounts as an unknown 
form soluble in acids; 7.e., organic phosphorus. In most samples. 
of blood plasma the sum of the three—inorganic, lipoid, and 
organic phosphorus—is equal to the total phosphate within the 
limit of error of the determinations. In occasional samples. 
another form of phosphoric acid combination is found which is. 
insoluble in either acid ammonium sulfate or alcohol-ether, and 
which is probably nucleoprotein. 

In blood corpuscles the same groups of compounds are found 
and again the sum of inorganic, lipoid, and organic is found to be 
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equal to the total phosphate in practically all normal samples 
examined. Nucleoprotein is therefore not normally present. 
In amounts these forms are generally much larger than in the 
plasma, the organic phosphorus being relatively very large and 
forming the main phosphoric acid constituent of the corpuscles. 
Corpuscle values tend to be much more constant than those of 
. plasma and the determination of phosphates in whole blood is 
therefore not to be recommended when enough blood is available 
that plasma and corpuscles may be examined separately. 

The methods used for the determination of the various phos- 
phoric acid compounds have already been described in full (9), 
but certain modifications have been found desirable and are 
given below.. For reasons noted above, plasma and corpuscles 
were analyzed separately, the separation being made in all cases 
by centrifugation at about 3,800 revolutions per minute for 10 
minutes. 

Total Phosphate.—1 cc. of plasma and 0.048 ec. of corpuscles 
were found to be the most suitable amounts for the determination in 
rabbit blood, in which the phosphoric acid content of the plasma 
is lower and that of the corpuscles higher than in human blood. 
In the digestion the second stage (boiling of the concentrated 
acid for about 8 minutes) has been omitted since it has been 
found that nothing is gained by the continued heating while there 
is a real danger of loss of phosphoric acid either mechanically or 
by vaporization. Digestion is carried only to the stage where 
the water is completely driven off, then if the mixture is colorless 
it is cooled, sugar added, and then the mixture is treated further 
as directed. If not colorless after the heatings, 1 or more drops 
of the reagent are added as required and the mixture is again 
heated. After the final heating the sulfuric acid solution should 
be clear and colorless. In occasional samples a yellowish tint 
persists in the hot solution, disappearing on cooling, which is 
impossible to remove, but since it does not appear to affect the 
accuracy of the results it has been neglected. ’ 

Standards Used.—For plasma 5 ce. of a standard containing 
0.84 mg. of H3PO, in 100 ce. of solution; for corpuscles 5 ce. of a 
standard containing 0.6 mg. of H;PO, per 100 cc. (see note on 
standards below). 
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Lipoid Phosphate——In normal rabbit plasma, alcohol-ether 
extract corresponding to 0.9 cc. of plasma was required. To 
obtain this amount 3 cc. of plasma were made up in 50 ce. of 
alcohol-ether as directed and 15 cc. used for the determination. 
As a standard 5 ce. of a solution containing 0.36 mg. of H;PO, 
per 100 cc. were used. In many cases a weaker standard (0.24 
mg.) is desirable. 

In normal corpuscles the sample taken corresponded to 0.18 
cc. of corpuscles in 10 cc. of alcohol-ether extract (see note below 
on corpuscle solutions). For a standard, 0.6 mg.. of H3;PO, in 
100 ec. was used. 

Acid-Soluble Phosphate-——Total Acid-Soluble Phosphate-——¥or 
plasma 5 ce. of extract corresponding to 0.6 ec. of plasma have 
been found most suitable with a standard of 5 cc. of solution con- 
taining 0.36 mg. of H3;PO, per 100 cc. (properly adjusted as to 
salt content, etc.). Inthe digestion with H,SO.-HNO; the sugar 
treatment has been found unnecessary and has been omitted. 

For corpuscles 2 cc. of extract corresponding to 0.0384 cc. of 
corpuscles have been used with a standard containing 0.36 mg. 
of H3PO, per 100 ce. of solution. 

Inorganic Phosphate—For plasma 2 cc. of extract correspond- 
ing to 0.24 cc. of plasma were used with 2 cc. of a standard con- 
taining 1.2 mg. of H;PO, per 100 ce. 

Corpuscles——The determination of inorganic phosphate in 
rabbit corpuscles has been found somewhat unsatisfactory. 
Values are widely variable and in one case (Rabbit B) protein 
was not completely removed by the acid ammonium sulfate. 
There is also uncertainty as to what extent the organic fraction 

is decomposed during the treatment, giving incorrectly higher 
values for inorganic phosphate. However, results are given of 
the determinations, which are at least of comparative value. 
Ordinarily 2 cc. of the extract, corresponding to 0.096 ce. of cor- 
puscles, were used with 2 cc. of a standard containing 1.2 mg. of 
H3POy in 100 ce. 

Standards—Correction of the nephelometric readings has 
been found unsatisfactory and, in order to avoid the necessity of 
correction, a variety of standard solutions has been used. By 
selecting a standard solution not more than 30 per cent stronger 
or weaker than the solution to be measured the need for correc- 
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tion is avoided. The standards are conveniently made up in 
100 ce. portions containing phosphate and salts as below. For 
total and lipoid phosphate in plasma and corpuscles, standards 
containing ‘0.84, 0.6, 0.86 mg. of H:PO, in 100 cc. were used. 
In making these standards the phosphate solution is measured 
into a 100 ce. graduated flask, alkali equal to four times the 
amount used in neutralizing a single digestion mixture, ordinarily 
18 cc., is added, then 4 drops of 0.3 per cent phenolphthalein 
are added, after which the solution is titrated to neutrality with 
the 1:1 sulfuric acid. In order to prevent the growth of mould 
about 12 drops more of the acid are added, the solution is cooled, 
and made to the mark. Moulds grow slowly in the neutral solu- 
tion and soon remove most of the phosphate from it. Addition 
of excess acid as above has been found to prevent their growth 
in all but an occasional instance. If mould is detected the solu- 
tion must be thrown out and a new standard made. 

For acid-soluble phosphate in plasma, standards containing 
0.24 and 0.36 mg. of phosphoric acid per 100 cc. were used. In 
making these solutions the phosphate is measured into a 100 ce. 
graduated flask, 8 drops of the phenolphthalein solution, 20 ce. 
of the alkali, and 18 cc. of the acid ammonium sulfate are added, 
and the solution is titrated to neutrality. 12 more drops of acid 
are added and the solution is cooled and made up to the mark. 
Moulds do not grow in this solution. 

For acid-soluble phosphate in corpuscles, standards containing 
0.36 and 0.6 mg. of H;PO. were found to cover the range of values 
found. In preparing these standards the phosphate is measured 
into the graduated flask, 8 drops of phenolphthalein, 8 ce. of 
acid ammonium sulfate, and 18 cc. of the alkali are added, the 
solution is neutralized, and 12 drops of extra acid are added as 
before. The solution is then cooled and made up to the mark. 

For inorganic phosphate in both corpuscles and plasma the 
standard as recommended (9) was found suitable except that, 
since 5 cc. of the standard and test solutions gave suspensions too 
concentrated for accurate reading, 2 ec. of each were used. 

For these determinations and for nephelometric work in gen- 
eral, exactly parallel conditions in composition of solutions, time 
of standing after addition of reagent, temperature, amount of 
‘shaking, etc., must be preserved. It is desirable to establish a 
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routine procedure which should be as closely followed as condi- 
tions will permit. 
Sampling of Corpuscles—In experiments which involve exten- 
sive bleeding, as in those described below, where the percentage: 
of corpuscles falls to a low level it is necessary to practice some 
“economy so as to get enough material to complete the various 
analyses. The following scheme has been found satisfactory for 
rabbit blood: 3 cc. of the separated corpuscles are measured 
into a 10 ee. graduated flask, the pipette is rinsed out, and the 
washings and warm water are added to fill the flask to the mark. 
The whole is well shaken. After standing for at least 10 minutes 
for hemolysis to take place (in the ordinary routine from 4 to 1 
hour is allowed) and after again shaking, 4 cc. of the mixture are 
measured into acid ammonium sulfate in a 25 ec. flask for deter- 
minations of inorganic and acid-soluble phosphate. 3 cc. are 
measured into alcohol-ether for determination of lipoid phos- 
phate and 2 ce. into water in a 25 ce. flask of which, after filling 
to the mark, 2 ce. are used for total phosphate. 

Direct. determinations were made of total, lipoid, inorganic, 
and acid-soluble phosphate. Organic phosphate is found by 
subtracting inorganic from acid-soluble. 

The rabbits used in these experiments were on their ordinary 
diet of alfalfa and rolled barley which is a diet low in fat although 
containing more than the low fat diet used by Horiuchi. Blood 
samples were taken from the marginal ear vein, approximately 
10 per cent of the blood volume (calculated as 8 per cent of the 
body weight) being taken daily. If the animal is previously 
exercised until the general circulation is stimulated and then the 
ear massaged a free and rapid flow of blood is obtained, yielding 
the desired amount in a few minutes. Clotting was prevented 
. by the use of 1 per cent of saturated sodium citrate. The bleed- 
ing was continued daily until a satisfactory lipemia was established, 
then less frequently and taking only enough blood to follow the 
conditions during recovery. (About 15 cc. of blood were required 
to furnish material for a complete analysis.) Results are given 
in Table I. Six animals in all were studied of which complete 
reports are given of two while the others giving similar and less 
striking results are reported more briefly. 
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TABLE I. 


Blood Phosphates in the Lipemia of Acute Experimental Anemia. 


Day. 


Blood taken. 


Corpuscle volume. 


Hematoorit: 
Red count. 


POD 


oR WD Re 


cc. 


30 
30 
30 


15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 


15, 


30 
30 
30 


Phosphates per 100 cc. 


Plasma. Corpuscles. 


Remarks. 


Total. 
Inorganic. 
Lipoid. 
Oreanic. 
Total. 
Inorganic. 
Lipoid. 
Organic. 


Rabbit A. Weight 8} lbs. 


rie 


+ |c.mm. 
per | mil- 


cent \lions os 
35.96.21] 5.9 
28.1/5.94) 4.8 
21 .5|5.23| 4.2 
19.3/3.17| 6.0 


18 .0/2.38 
16 .9)1.68 
16 .5|2.07 


ao 
10.0 
8.0 


16.1/1.87 
19.5/2.09 
20 ..0|2 .53 
21 .0/2.93 
23 .5|2.48 
23 .6)3 .04 
26 .5|3 .64 
30 .2/3.25 
30.1/4.40 
34.45.30 
34.415 .48 
38.46.84 


8.6 
9.3 
8.0 
ee 
7.6 


oInOoanronn 
AaOnwnnownwme 


mg.| mg.| mg.|mg.|mg.| mg. |mg.|mg. 


20.0) 7.7 
8.5 
11.0 
8.8 


3.81365 
6.0390 
513.0 

5.21465 


65/276 
80/261 


Plasma clear. 
“ “ 


“ “ 


28.5 
37.0 


“moderately 


milky. 


“cc 


100|305 
40.0 e 
45.0 
47.0 


7.8 
10.0 
EO 


3.1]453 
4.0)562 
5.0|532 


62 
88 


140|332 
156|287 


Plasma milky. 
“very 
milky. 
“ 


“ce 


50.0 
55.0 
48 .0 
48 .0 
37.0 


17.6 
tied 
9.4 
11.0 
11.5 
9.0 
ra ea 
15.5 
12.5 
12.5} 8.0 
13.5] 8.3 
8.6| 7.3 


569) 95 
570| 107 
555| 83 
555) 50 
490) 90 
550) 50 
486) 53 
465) 57 
470) 52 
475) 57 
402} 51 
345) 41 


155 
160 
162 
113 
140 
130 
120 
106 
120 

95 

95 

65 


280 
283 
297 
301 
260 
340 
322 
283 
308 
303 
240 
234 


“cc “cc 


Plasma milky, 


6 clear. 
ce 


24.2 
33.5 
25.2 
23.0 
23.3 


18.0 


12.2 


See PWOHOWN FD 
oonnwiw oir RK © 


32 .4/5.17| 6.3 


Rabbit B. 


— 


Weight 83 lbs. 


PA 375| 28 | 83/287| Plasma clear. 


“cc “ce 


23 .3)3 57 
20.7/3 .36 


30)18.4/3.19 


30 


17 8/2 .46 


6 .5/20.3] 9.7 
6.2}18.5) 9.5 
5 .8/23 .0)12.0 
8 .0)33 0/13 .6 


8.0)1 .3/365 
8.0)1.5)370 
10.9) +/430 
20.0 


402 


29 
23 
14 
19 


80 
80 
109 
90 


281 
257 


“cc “ 


316} Faint milkiness. 
325|Plasmamoderately 


milky. 
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Blood Phosphates in Lipemia 
TABLE I—Continued. 
; Phosphates per 100 ce. 
d E Plasma. Corpuscles. 
a s 3 > : : Remarks. 
“s 5 ¢ 2 5} S) 
$s = 5 A ; 5 a a) eI <= = 
| Wee ooe, ee | S| ea ee sales 
Rabbit B—Concluded. 
: ee ‘cea oe mg.| mg.| mg. |\mg.|mg.| mg. |mg.|mg. 
30)19 6/2 .46| 7 .2/35.0/11.1/28.6)2.3/450| 38 |135/277|/Plasmamoderately 
milky. 
35/17 .3|1.71/10.0/40.0]/10.0/29.0] +/422] 21 {121/284 Plasma milky. 
30/17 .5/2 32) 7.5/50.0)11.1137.5 470|°32 {145/288 be s 
30/18 .0/2.41|) 7.4/48 .0)11.5/33.0) +/480] 42 |170/288 “ y 
15)16.1)/2.20] 7.4|57.0} 6.0/43.0/4.8/475| 43 |155|317 es sf 
15/17 .6}1.84| 9.5/84.0/10.0/23 .0|2 9/440) 30 /|140/290 oS se 
15/20 .2/2 .37| 8.5/45.0/13 .0/82.0! +/480) 57 |150/233 os S 
15|25.0/2.5 |10.0/80.0/11.5|18.0/1.0/475| 36 /|160/314| Faint milkiness. 
15/24 .1/2.52| 9.6/30.0)12.0)19.0/0.8/480) 20 {170/260 <4 S 
15)25 .7/4.07) 6.3/26 .2113 .5}/12.5 485] 27 |200/263| Very faint milki- 
ness. 
15)25 .8/3 .91| 6.5/20.3) 9.4) 8.0/2.0/445| 50 |170/240) Plasma clear. 
15/36 .5/5.56 6.6/17.5| 9.0} 7.0/2 .0/845] 13 | 75/242 sd < 
Rabbit C. Weight 73 lbs. 
20/36 .0|5.40} 6.6/14.0) 7.5} 7.5)1.3/315) 8.5} 63/262) Plasma clear. 
25/22 .5|3 .96/10 .6 10.0 Faint lipemia. 
25/18 .4/2.16} 8.5/16.9| 9.3} 7.0/1.0/3850} 35.0) 66/235] Plasma clear. 
30/18 .1/2.8 | 6.5]/22.5) 7.6]13 .9/3.4/405| 7.8] 80/332 st family: 
milky. 
30}19.5/2.3 | 8.5/30.0) 7.0/20.0/2.2/460| 7.1/107|308] Plasma milky. 
20/28 .8/3.9 | 7.4/20.0)12.5)10.0)1.1/400} 20.0)125/277 “ . faintly 
milky. 
18/34.5/6.0 | 5.8/24.2)10.0) 7.0/4.5/380] 12.0/100/288} Plasma clear. 


Rabbit E. Weight 8% lbs. 


39/27 .5|3.8 | 7.2/23.0) 9.5|13 .0/0.5/347| 25.0) 57/272} Plasma muddy 
but no lipemia. 

35/25 .3/2.74| 7.2/21.0] 6.6/12.5/3.1/3825) 9.3) 55/261 gi Be 

35/16 .7|2.20| 7.6/20.4) 7.0/13.6|0.2/350| 15.4} 66/275| Plasma _— faintly 
milky. 
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TABLE I—Concluded. 


Phosphates per 100 ce. 
oi [tee wees oben SE ees eee 
r=! 
4 Plasma. Corpuscles. 
| 45.- > R 
o| -o gs = = emarks, 
Aaleeon i) S|) 2 , S ; 
de ea) eR a 2g 8 g 
.-|3/ 8 3 Ue lets eae retin ls lo | Set We 
- | ° g a] S s H ° Ss | s = oO} s 
a | © © ® 5 6 eS a | PIs g a) 8 
A }a q fa ie) HH pF ee 4 H|O 


Rabbit E—Concluded. 


per | mil- BUC 


COA arte Pian a mg.| mg.| mg.|mg.|mg.| mg. |mg.|mg. 


7 | 35/15.3/2.36| 6.5/25.2) 8.7/15.7|2.4/430] 16.0] 97/304) Plasma milky. 
10 | 18/22 .2/3.09} 7.2/23 5/11 .1/10.0/4.9/550) 17.2)140)353 st? clear. 
16 | 18/29.9\4.77| 6.3/22.5)14.3] 8.5/2.2/465) 16.5} 97/333 e ie 


Rabbit F. Weight 5 lbs. 


1 | 20/36.0 33. 1/17 .5)14.3)2.0/415 63/285) Plasma muddy 


but no lipemia. 
“ce “ce 


3 | 18/24.5|3.76) 6.6/30.0/13.6/15.5 
5 | 20/21.3|2.87| 7.6)40.0/13.7/21.5 


Plasma faintly 
milky. 
“ce “ 


7 | 20)20.4 7 .8|36 .0)12 .0/19 0/4 0/485 
5) 


14|30 .8]3 .97| 7.8]30.0}15 .0/11.1)2.3/470 Plasma clear. 
a | a |= 


Rabbit G. Weight 8 lbs. 


1 | 25/30.0/5.5 | 5.4/31.7 15d 301 54 Plasma clear. 
6 | 25/23 .0/3.06| 7.5/35.1 15.9 355 g ee 
7 | 20!26.4/2.80] 9.4 25.4 364 94 Af milky. 
SOU fate -52| a0 18.0 493 103 « 4 
11 | 25)28.3)3..76) 7.5|33.8 1228 374 100 re clear. 
DISCUSSION. 


Lipoid Phosphorus. 


The most characteristic change is in the lipoid phosphorus. 
In the plasma it is always very much increased (up to five times 
its normal value), while in the corpuscles the increase is less 
marked, in only three cases rising to over twice the normal value. 
In the plasma the highest values for lipoid phosphorus are gen- 
erally found at the height of the lipemia and diminish as the 
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visible milkiness of the plasma diminishes. But even when-the 
plasma has become clear, high values for lipoid phosphorus per- 
sist for some days. In the corpuscles the highest values for 
lipoid phosphorus are not generally reached until some time after 
the height of the visible milkiness, or even after the plasma has 
been clear for a time and the values do not become normal until 
some days after the plasma’ values have become normal. 

The plasma begins to show milkiness at.about the time the 
blood corpuscles are reduced to half their original number. This 
generally persists throughout the period of low corpuscle values, 
although in one case the plasma cleared after the first milkiness 
although the number of corpuscles was lower than when milki- 
ness first appeared. 

It was found in earlier work (2) that lipoid phosphorus increased 
in the blood corpuscles during absorption of fat in dogs, and it 
seemed likely that the corpuscles took an active part in fat 
metabolism by the transformation of fat into lecithin.1 In human 
anemia (Bloor and MacPherson (5)) it was found that abnor- 
malities in the blood lipoids were present only when the blood 
corpuscles were reduced to below half their normal number, the 
abnormalities being ascribed to inadequate functioning of the red 
blood cells, due to their reduced number. In the results given 
above, increase of fat and its metabolites is found associated with 
low corpuscle values. Whether the same explanation holds—that 
the disturbance in fat metabolism, which shows itself in the lipemia, 
is directly the result of the inability of the smaller number of cor- 
puscles to perform this function in fat metabolism—or whether the 
lipemia is indirectly connected with the corpuscles in some other 
way, must be left for future work to decide.- The results obtained 
in the work on the above type of lipemia indicate again, however, 
the probability of a participation of the corpuscles in the metab- 
olism of fat. 


1 Further unreported work in this laboratory has not, however, entirely 
borne out these findings, since certain dogs have been found, in which the 
increase of lipoid phosphorus took place in the plasma and not in the 
corpuscles. 
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Inorganic Phosphorus. 


Plasma.—In Experiment A, with strong lipemia, inorganic 
phosphate increased to twice the normal value and remained 
high throughout. In Experiment B, also with marked lipemia, 
the inorganic increased, but not to more than 50 per cent above 
normal values. In Experiment C, with mild lipemia, increases 
of 70 per cent were found while in Experiment E, phosphate 
first diminished and then increased above the original value. 
In Experiment F, with mild lipemia, the inorganic phosphate 
diminished. In this case, however, it was unusually high to start 
with. 

It thus appears that in severe lipemia increases of inorganic 
phosphates are to be found, while in the mild lipemia a slight 
increase or a decrease may be present. In none of the experi- 
ments was a parallelism between inorganic and lipoid phosphate 
to be noted. In a study of fat formation during milk produc- 
tion, Meigs and coworkers (4) found that with the decrease of 
lipoid phosphorus in the blood during its passage through the 
mammary gland there was a corresponding increase in inorganic 
phosphate resulting from the setting free of phosphoric acid from 
the lecithin in its change into fat. In cases where there was 
much increase of lecithin, as in the above, one might expect a 
decrease in inorganic phosphate in the plasma. Instead, there 
is found an increase. Inorganic phosphate in plasma must be 
subject, however, to constant change; loss through the excretions, 
and addition from food or from phosphate stores, and the same 
cause which produced an increase of lipoid phosphate might 
also act to increase the inorganic phosphate, either by retention 
or by supply from the stores, in order to provide the material for 
formation of lecithin from fat. 

Another reason for expecting low rather than high values for 
inorganic phosphorus in the plasma is the formation of new 
blood cells, which are relatively very rich in phosphoric acid 
compounds. Diminution of inorganic phosphorus has actually 
been found in cases of a single withdrawal of blood (10). The 
same reasoning might be applied in this case as in the above— 
that with increased demand there is increased supply, and, as is 
usual in living beings, the supply is in excess of what was origi- 
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nally present. The only case in which the plasma values remained 
below the beginning value was in Rabbit F, where the beginning 
level was unusually high. 

Corpuscles—In the experiment with Rabbit B, the acid 
ammonium sulfate did not completely precipitate the protein of 
the corpuscles, hence the values of inorganic phosphate are 
doubtful. In all other cases’ protein was completely removed so 
that the figures given are probably correct... In Experiments A 
and B, with high lipemia, the inorganic phosphate increases more 
or less parallel with the lipoid phosphorus. In Rabbit C, with 
moderate lipemia, imorganic increased but irregularly. In 
Rabbit E, it diminished; in Rabbit F, it diminished slightly. 
It thus appears that unless the lipemia is marked the changes in 
values for inorganic phosphate in the corpuscles are slight or 
negative, while with marked lpemia the inorganic phosphate 
increases more or less parallel with the increase in lipoid phos- 
phorus, and both are closely bound up with the appearance 
of the lipemia. An examination of Table I will show that in 
most cases high values for inorganic phosphorus in the corpuscles 
are accompanied by high values in the plasma, but there are 
many exceptions and nothing like a parallelism can be observed. 

These results bring into discussion the whole question of the 
presence of free phosphates in blood. Taylor and Miller (11) 
found only traces which confirmed the earlier observation of 
Giirber (12). No water-soluble phosphate is extracted by the 
treatment of blood with alcohol-ether in the determination of 
lipoid phosphorus above, although phosphoric acid and water- 
soluble phosphates are measurably soluble in that solvent. In 
the results given above, there is*rarely to be observed a balance 
or parallelism between inorganic phosphate in plasma and cor- 
puscles. In rabbit as in human blood, the inorganic phosphate 
in the corpuscles is generally much higher than in the plasma. 
These observations render improbable any free exchange by 
diffusion of phosphate between corpuscles and plasma, such as 
would be expected if phosphate were present in the free form. 
On the other hand, Greenwald (13) and later Feigl (14), by 
treatment of the blood to remove protein with hot trichloro- 
acetic acid, and the writer, by faintly acid, saturated ammonium 
sulfate, were able to get protein-free extracts which undoubtedly 
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contained free phosphate. Whatever objection may be raised 
to the use of hot trichloroacetic acid as being likely to break up 
unstable organic compounds of phosphoric acid cannot be urged 
as regards the cold treatment with the mildly acid ammonium 
sulfate and the inference is that inorganic phosphate must be 
present in the blood although not in a water-soluble, diffusible 
form. As was pointed out previously, there is enough calcium 
and magnesium in blood to combine with all the phosphate pres- 
ent, and at the prevailing reaction of the blood to form insoluble 
compounds with it. Another explanation which is in line with 
modern ideas is that the phosphate is combined with blood pro- 
tein in such a way as to hinder or prevent its free diffusion. 
When the blood is deproteinized with reagents which readily 
dissolve phosphate—as with either of the acid reagents men- 
tioned above—it is loosed from its protein combination and 
passes into solution. The fact that acid reagents dissolve phos- 
phate while neutral reagents, as alcohol-ether, do not renders it 
probable that the phosphoric acid is present in a form insoluble 
in neutral solvent—as would be the case if combined with calcium 
or magnesium or with protein at the prevailing reaction of the 
blood. 

Attention may be called to the fact that the amount of phos- 
phate passing through the blood plasma daily is much greater 
than the amount constantly present. Thus the normal human 
being will excrete and normally consume with the food about 
3 gm. of H3PO, per day, while the amount present in the whole 
blood plasma would not be more than about one-eighth that 
amount. 


Organic Phosphorus. 


Corpuscles—Organic phosphorus in corpuscles is subject in 
general only to small and irregular variations, indicating that 
this constituent is constant in the corpuscle from the time of 
formation, even under the stress of severe hemorrhage. The 
amount is also remarkably constant for all the animals reported 
here. The same may be said of the values obtained from a study 
of rabbit blood for another purpose, which included the examina- 
tion of about twenty normal rabbits (10). Organic phosphorus 
in this amount appears to be characteristic of rabbit corpus- 
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cles. In the series reported above, notably in the case of 
Rabbit E and, to a certain extent, in Rabbits C and F, values of 
15 or 20 per cent above the beginning values are found, but these 
serve only to emphasize the stability of values for this con- ~ 
stituent. Low values are practically never found, and the high 
values may come at any time in the experiment after the anemia 
is established. 

Plasma.—Organic phosphorus in the plasma is subject to great 
and irregular variations, so that very little can be said about it. 
In general, values are reached in the course of the bleeding which 
are much higher than those found at the beginning of the experi- 
ment. On the other hand, very low values are alsofound. No 
relation can be discovered between this constituent and the 
lipoid fraction, on the one hand, or the inorganic fractions, on 
the other. Normally, organic phosphorus has been found in the 
plasma of all the animals examined. During bleeding, it gen- 
erally increases, but may disappear altogether at times, as in 
Rabbit B. It is possible that this constituent is connected on 
the one hand with the loss of the nucleus in the red cells, and 
with the presence of organic phosphorus in urine on the other. 

Nucleoprotein, Ete-——In the normal animal, the sum of acid- 
soluble (inorganic and organic) and lipoid phosphorus is about 
equal (within the limits of error of the determinations) to the 
value of the separately determined total phosphate, so that the 
presence of notable amounts of other combinations of phos- 
phorus—as, for example, nucleoprotein—is doubtful. In the 
course of the experiments it will be noted, however, that the sum 
of these fractions in both corpuscles and plasma is generally 
below the value for total phosphates, and sometimes markedly 
so, and it is therefore probable that some nucleoprotein is present 
during the anemia. 

On the other hand, the sum of acid-soluble and lipoid some- 
times gives a value notably higher than the total phosphate, 
which would indicate at those times some overlapping; 7.e., 
some unusual substance is present which dissolves in both the 
acid ammonium sulfate and the alcohol-ether. 

Corpuscle Volume during Hemorrhage.—It is well known that 
in anemia corpuscles irregular both in shape and size appear 
and the abnormality in size is well illustrated in Column 5 of 
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Table 1. The value ‘“‘Corpuscle volume” was obtained by divid- 
ing the percentage volume of the corpuscles as shown by the 
hematocrit by the number, as obtained in the count. For 
example, in 1 c.mm. of blood, the number of corpuscles is known 
from the count while the volume which they occupy would be 
the fraction of 1 c.mm. represented by the percentage. Thus, with 
a count of 5.0 millions, and a corpuscle percentage of 31.0, the aver- 
age volume of the individual corpuscle would be 0.31/5,000,000, 
or 6.2 X 10-8 c.mm. As may be seen from the table, the aver- 
age corpuscle volume invariably rises during the course of the 
bleeding, sometimes to over 50 per cent above the beginning 
volume. As recovery takes place, the volume falls to the normal 
level for the animal or below it. Whether the increase in size is 
due to swelling of normal corpuscles, or whether some of the 
corpuscles are abnormally large when formed cannot be definitely 
determined from the data at hand, but the relative constancy of 
the value for organic phosphorus would indicate the latter. 

Is there anything in the composition of the corpuscles to indi- 
cate whether they are young or old? Masing (15) from the 
results of similar experiments on rabbits and geese is of the 
opinion that the lipoid phosphorus content of the erythrocytes 
may be taken as a criterion of the age of the cells. In the work 
above the most marked difference between the composition of 
the corpuscles at the beginning and during the experiment, 
which might be taken as a criterion of the presence of newly 
formed corpuscles, is in the lipoid phosphorus content, which 
always rises during the hemorrhage and is the slowest of all con- 
stituents to return to normal values. The next most notable 
constituent is the organic phosphorus fraction, which also gen- 
erally rises during the anemia. The increase above beginning 
values of this constituent is, however, relatively small and irreg- 
ular. Whether these changes are due to the lipemia or are refer- 
able to the newly formed corpuscles cannot be stated. Present 
evidence on the dog indicates that in this animal, which appar- 
ently does not develop lipemia from bleeding, neither of these 
constituents is affected, which would lead one to the conclusion 
that changes in these values in the rabbit are referable to the 
lipemia. 
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While no exact relation has been found between the lipoid 
phosphorus and the other phosphorus compounds of the blood, 
it may be seen that in severe lipemia there is a marked increase 
of both inorganic and lipoid phosphorus in both plasma and 
corpuscles. Slight changes in lipoid phosphorus are not accom- 
panied by corresponding changes in inorganic phosphorus. 


SUMMARY AND CONCLUSIONS. 


Of the phosphoric acid compounds of the blood, the one-most 
markedly affected by anemia and consequent lipemia, is the 
lipoid phosphorus. Values up to five times the normal have 
been found in plasma, and to twice or over the normal value in 
the corpuscles. 

When the lipoid phosphorus is markedly above normal in 
either plasma or corpuscles, there is an accompanying increase of 
inorganic phosphate, but no corresponding change in the other 
forms of phosphorus. Inorganic phosphorus thus appears to be 
the form most directly related to the lipoid phosphorus. 

Organic phosphorus in the corpuscles remains remarkably 
constant throughout the experiments, the changes noted being 
relatively small, so that this constituent in the amounts noted 
appears to be characteristic of rabbit corpuscles from the time 
of formation. Organic phosphorus in the plasma varies greatly, 
sometimes being entirely absent. It generally increases during 
the bleeding. 

The only form of phosphorus which is notably higher in newly 
formed corpuscies than in older ones is the lipoid phosphorus. 
Whether the higher values are characteristic of young corpuscles, 
or are due to the lipemia, cannot be stated. 
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HEMATO-RESPIRATORY FUNCTIONS. 


VII. THE REVERSIBLE ALTERATIONS OF THE H.CO;: NaHCO, EQUI- 
LIBRIUM IN BLOOD AND PLASMA UNDER VARIATIONS 
IN CO, TENSION AND THEIR MECHANISM.* 


By HOWARD W. HAGGARD anp YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 29, 1920.) 


It has been universally assumed that alterations of the gaseous 
and acid-alkali equilibrium of blood under the influence of vari- 
ations in the tensions of oxygen and CQ, are readily and completely 
reversible. The simplest conception of the process involved is 
as follows: 

Hydrogen and chlorine ions (HCl) pass back and forth between 
the plasma and the corpuscles in response to variations of CO: 
tension, each time that the blood makes the round of the circula- 
tion. Thus Na in the plasma is released from NaCl to form 
NaHCoO; as the blood comes to the tissues; and this Na is again 
neutralized to NaCl as CO, passes off in the lungs. The higher 
the tension of COs, and the concentration of HzCO; in solution, 
the more Cl is displaced; and, in the proportion expressed by the 
CO, dissociation curve, the more NaHCO; is formed. 

It follows from this that the tension of CO.—at the moment, 
for instance, that the corpuscles are centrifuged off—determines 
(along a plasma curve dependent upon that of the whole blood) 
the quantity of alkali bicarbonate in the plasma. The power of 
separated plasma to vary its content of bicarbonate through the 
mediation of its proteins, although greater than that of a mere 
solution of NaHCO, is mucli less than. that of whole blood. 


* This and the following papers are continuations of work published by 
us in this Journal some months ago under the same general title (1). All 
these investigations were performed at about the same time (1918) and 
under the same conditions and collaboration. 
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This in brief is the present state of knowledge (2-5). 

Some investigators (6, 7) have recently inclined to the view 
that hemoglobin itself is the principal CO,.-transporting agent. 
The evidence indicates, however, that hemoglobin, at least when 
in unlaked corpuscles, plays its part chiefly by absorbing acids 
and thus unmasking alkali from neutral salt to form bicarbonate. 
It is this action of the corpuscles which enables the plasma to 
transport CO.. Probably also the same reaction occurs in respect 
to the fluid within the corpuscles since, under variations of COs 
tension within physiological limits, and apart from the influence 
of oxygen, the corpuscles in normal blood take up and give off 
again (in vitro) an amount of CO, of about the same order of 
magnitude as an equal volume of the plasma. 


We here intentionally avoid the question as to whether hemoglobin 
acts in the blood as an acid or as a base. We have therefore made use of a 
phraseology, e.g. ‘‘acid-concealing power, HCl load, and alkali-producing 
capacity of the corpuscles,’’ compatible with any intracorpuscular mech- 
anism—whether it finally turns out that hemoglobin acts by adsorption, 
or by chemical combination, as an acid or as a base or both. 

If at the Cu prevailing in normal blood hemoglobin acts as an acid, as 
present theory seems to indicate (8), the absorption and concealment of 
HCl by the corpuscles may consist in some such reaction as: Hb.B + HCl 
= Hb.H+ BCl. If on the contrary it acts as a base then presumably 
Hb.OH + HCl = HbCl + HO or else Hb + HCl = Hb.HCl. It is cer- 
tain, however, that it is not alkali hydroxide, but acid (chiefly HCl) which 
passes in and out between corpuscle and plasma. 

Present information and variety of opinion on this and related topics 
may be seen in the papers of Davies, Haldane, and Kennaway (9), Gray 
(10), Joffe and Poulton (11), Campbell and Poulton (12), Dale and Evans 
(13), and Mellanby and Thomas (14). All these papers reached us after 
our own were ready for press. Many of the observations of these writers 
agree, but one paper (14) disagrees decidedly in its interpretation, with 
ours. 

The peculiar feature of our discussion is that we have thought of the 
blood as a system which, when it has no tension of COs, contains no alkali 
bicarbonate. Starting from this assumption (verifiable by the experi- 
ment of evacuating the blood in a vacuum) we are justified, we think, in 
treating any NaHCO; which occurs in blood as called forth by the existing 
tension of CO2 by action on the corpuscles. 


Thus hemoglobin is almost as essential for the transportation 
of CO. by blood as it is for the transportation of oxygen, but its 
modes of action in relation to the two gases are quite different. 
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The following experiments illustrate the reversible reaction 
under the influence of CO. They will serve us as a background 
for dealing in succeeding papers with an irreversible alteration 
of the CQ; ratio, and its bearing upon the interaction of oxygen 
and CO: in blood and upon hemolysis. Our experiments on these 
topics are published now, not because we can as yet fully explain 
the phenomena, but because of the interest which this general 
field of work is exciting, and because investigators unaware of 
this peculiar irreversible effect may be led to quite erroneous 
conclusions regarding some phases of the hemato-respiratory 
functions. 

The normal reversibility of the CO,-alkali equilibrium may 
be illustrated as follows: 


Experiment 1.—Blood was drawn through a cannula from the femoral 
artery of a dog under local anesthesia with cocaine, and was delivered under 
mineral oil in a test-tube, where it was mixed with 0.005 gm. of ammonium 
oxalate per cc.; 7.e., 0.5 per cent. 

It was divided into two samples which were treated as follows: 

Sample A was equilibrated at 37°C. with air containing 70 mm. of CO». 
A part was then analyzed for its CO. content. The remainder of this 
sample was then equilibrated with 40 mm. of CO: and analyzed. 

Sample B was equilibrated in succession with the same tensions of COs, 
but in reverse order. 

The analyses showed CO, contents as follows: 

Sample A. At 72 mm. = 56 volumes per cent of CO, 


cc AO “ == 46 ce “ ce “ CO; 
sariple 1.4740! = 46 <s Ce Mg odmeieoy 8) OF) 
“cc 72 “ = 56 “ “ “ “ec (OLO}s 


(This demonstration of perfect reversibility may seem, now at least, so 
perfectly obvious as not to deserve publication, but it is essential as a con- 
trol for comparison with the observations to be reported in succeeding 
papers.) 


The Behavior of Plasma in Contact with Corpuscles and After 
Separation. 


As long as a plasma forms part of a normal blood and is in 
contact with its corpuscles its content of bicarbonate rises and 
falls, within physiological limits of CO: tension and apart from 
the oxygen effect, in close parallel with the CO. content; that is, 
with the dissociation curve of the whole blood. Above normal 
limits of CO. tension the plasma takes up less than its share of 
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any increase of CO: content, and further absorptions of COs, 
aside from mere solution, are effected almost wholly by the 
corpuscles. 

From any blood there may be obtained many plasmas of widely 
varied bicarbonate content, and each of these plasmas has, after 
separation from the corpuscles, its own particular form of behavior; 
that is, its own dissociation curve. The plasma proteins are 
evidently able to function like the corpuscles in providing alkali, 
but less effectively. Thus there is a primary plasma curve, which 
within certain limits of CO, tension closely parallels that of the — 
whole blood when normal, but not when abnormal. This curve 
is obtained by centrifuging the blood at various tensions of COs 
and analyzing the plasmas at these tensions. But each of these 
plasmas, when exposed to various tensions of CO, after separation 
from corpuscles has a curve of its own, and (as has been shown 
previously by Hasselbalech and Warburg (15)) these secondary 
curves are flatter than the primary curve and cross it at the CO, 
tensions at which the blood was centrifuged. 


Experiment 2.—Oxalated dog blood was divided into two samples which 
were equilibrated at 37°C. to tensions of CO, of 40 and 58 mm. respectively. 
The CO: content of the blood was then in each case determined. The 
plasmas were separated by the centrifuge, at 37°C. and under the equili- 
brating atmospheres, and their bicarbonate contents were determined. 


COs: tension. 
Rise in CO2 
content. 
40 mm. 58 mm. 


vol. per cent|vol. per cent|vol. per cent 


Bicarbonate content of 1 cc. of whole blood 46 52 6 
“g « oA rie ee RATA Aes Bs 58 64 6 
Difference between blood and plasma...... 12 12 0 


It is here seen that, within the limits of the experimental con- 
ditions, the CO, content of the plasma has a constant difference 
from the CO, content of the whole blood from which it is separated, 
and that the bicarbonate content of the plasma is controlled by 
the CO. tension in the blood at the moment of separation. In 
blood drawn from various individuals (dogs) we find that the 
plasma-blood difference has various values, the figures for the 
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plasma being sometimes lower and sometimes higher than for 
the whole blood. But in all normal bloods the type of relation 
here shown holds true; that is, within physiological limits of 
CO, tension the plasma-blood difference is nearly constant. This 
seems to indicate that, apart from the change in volume of the 
corpuscles, and apart from the oxygen effect, the plasma and the 
corpuscles, at all moderate tensions of COs, take an equal share 
in the absorption and release of COQ.. This accords fully with 
the observations of Van Slyke and Cullen (4) on this important 
point. 

This relation of plasma and corpuscles holds true so generally 
that we have used it as a test that the sample under study is 
normal resting blood. Blood is easily altered in this respect; 
for example, by overaeration in the process of defibrination, by 
gaseous evacuation, and similar treatments involving the irre- 
versible effect described in succeeding papers. 

In the next two experiments it will be seen that the plasma not 
only varies in its CO. content according to the tension of COs 
at-which it is separated from its corpuscles, but also that when 
these plasmas—all from the same blood—are equilibrated with 
various tensions of CO, each has its own dissociation curve. 


Experiment 3—Oxalated dog blood was divided into three portions 
which were then equilibrated with air containing CO, at 21, 40, and 73 mm., 
respectively at 40°C. 1 ec. of each was analyzed and the remainder of 
each was centrifuged. The plasmas from the first and third (the second 
was lost) were then equilibrated with CO, at 21, 40, and 73 mm. at 40°C. 
and analyzed. The results obtained (after subtraction of dissolved CO:) 
were as follows: 


CO: tension. 


21 mm. 40 mm. 73 mm. 


vol. per cent|vol. per cent|vol. per cent 


Wuiolebiatidtcrss sain ees ek ase eb heeds weterg 38 49 57 
Plasma,separated af 21 mm... 22:0. ses. 40 47 52 
we - MORO Ps BARS ce 45 53 58 


Experiment 4.—Oxalated dog blood was divided into three samples 
and treated as in the previous experiment. The (=) sign is used to sig- 
nify ‘‘contained.’’ The amount of combined CO, is stated after it. 
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Sample A. At 21mm. CO, = 32 volumes per cent COk, its plasma = 35 
volumes per cent CO», and at 21 mm. CO, = 35 volumes per cent CO,» 
40 “cc CO, =e 39 ce “ “ CO, 
q2 “cc CO, ak 45 “ce “cc “cc CO, 
Sample B. At 40 mm. CO, = 40 volumes per cent COs, its plasma = 44 
volumes per cent CO2, and at 21 mm. CO, = 41 volumes per cent CO, 
40 <« CD; AA “ “ “ CO; 
72 “<c CO, = 51 (a (73 “ GO; 
Sample C. At 72 mm. CO. = 51 volumes per cent COs, its plasma = 54 
volumes per cent CO», and at 21 mm. CO, = 47 volumes per cent CO, 
40 (73 CO, = 51 (73 “ce cree CO, 
72 “cc CO, = 54 73 “cc cc CO, 
These data are expressed graphically in Fig. 1. 
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ae Plasma Cur ve 
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tay 
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ae 
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Py SE Oe eee 

SER RRREDS FORRES Pe BeNSes0N Ss 
10 fo) 3 4.0 50 (oS 


Tension CQ, in mmm. 


Fic. 1. From the data of Experiment 4. 


The limit of the plasma-corpuscle interplay of chlorine is shown 
in the next experiment. Here the passage of chlorine into the 
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corpuscles and the unmasking of sodium in the plasma to form 
NaHCO; is seen to become inadequate between 74 and 140 mm. 
of CO. The curve for the whole blood and that for the plasma 
then become divergent, and the difference between the CQO. 
contents of blood and plasma increases. The plasma at such 
tensions would do much less than its share in the transportation 
of CO.. Up to 74 mm., the relation formulated in connection 
with Experiment 2 still holds true, however. 


Experiment 5.—Oxalated dog blood was divided into four portions, 
which were equilibrated separately with tensions of CO. of 42, 74, 140, 
and 360 mm. CO, respectively. Part of each was analyzed; and the remain- 
der was centrifuged and its plasma analyzed. The results were as follows: 


CO: tension. 


42 mm.| 74 mm./140 mm.|360mm. 


vol. vol. vol. vol. 

per cent|per cent|per cent|per cent 
Combined CO, of whole blood...............| 47 53 (iy || ne 
ss CO Mme DISSIMAR. vic ctaseeiee coher 49 55 70 93 
Difference between blood and plasma......... 42 | +2 | —5 |—17 


Experiment 6.—Oxalated dog blood was divided into seven samples 
and equilibrated at 40°C. at the tensions of CO, shown in the table. A 
part of each sample was analyzed directly and the remainder centrifugal- 
ized under oil and its plasma analyzed. 


| 


CO: tension at 40°C. 


21mm. | 41mm.|72mm. 


146mm.|210mm.|360mm.|440 mm./504mm. 


vol. vol. vol. 
per cent|per cent|per cent 


30 42 54 
34 46 56 


Whole blood. 
Plasma ss. 0. 


vol. vol. vol. vol. vol. 
per cent\per cent|per cent|per cent|per cent\per cent 


66 72 77 80 79 
61 61 60 62 60 


From Experiment 6 it appears that when blood is exposed to 
increasing tensions of CO, the amount of alkali produced in the 
plasma reaches a maximum between 72 and 146 mm. and that 
the amount of CO. combined by the corpuscles reaches its maxi- 
mum somewhat below 440 mm. 
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Parallelism of Primary Plasma Curve and Whole Blood. 


The parallelism of the primary plasma curve and that of the 
whole blood means simply that, under the influence of changes 
of CO, tension (but with uniform oxygen), the concentration of 
alkali bicarbonate rises and falls equally inside the corpuscles 
and in the plasma surrounding them. If this were not the case, 
the Cy inside the corpuscles and that in the plasma would be 
influenced unequally by variations of CO, tension. (We are here 
neglecting the influence of oxygen upon CO, capacity and we are 
assuming that the only condition determining Cy is the COs 
ratio, H,.CO3;:NaHCO;.) 

In altered blood in which this parallelism does not hold, either 
such differences of Cy inside and outside the corpuscles are devel- 
oped or the hemoglobin undergoes some alteration of its acid- 
absorbing power, such as an increased capacity for interaction of 
oxygen and CQ». 


Relation of Plasma Alkali to HCl Load of Corpuscles. 


It appears also from the foregoing experiments that it is quite 
misleading to think of the plasma as having, independently of 
the corpuscles, a certain alkali value. Just as an organism 
dominates its environment, so the corpuscles control the con- 
centration of bicarbonate in the fluid around them. They vary 
it under the influence of variations in CO, tension and Cq. When 
the plasma alkali is determined by analysis, what is revealed is 
fundamentally the alkali-producing power of the corpuscles and 
the load of HCl which they are capable oftaking. As willbeshown 
in the next paper, corpuscles which have the quality of inducing, 
at a certain tension of COs, a certain amount of alkali—be it 
large or small—induce nearly that amount of ‘‘alkaline reserve” 
even in a normal saline solution. . 

The enormous buffer value of hemoglobin endows the blood 
with a potential alkaline reserve which is much larger than the 
plasma alkali. The plasma alkali represents merely that fraction 
of the alkali-producing power which is called into use at a certain 
tension of COs, concentration of HeCOs, and Cy. 
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CONCLUSIONS. 


Hemoglobin plays almost as large a part in the transportation 
of CO, as it does in that of oxygen. It does not itself combine 
directly with CO, to any great extent, however; but under pres- 
sure of COs; it absorbs HCl, and thus provides alkali, which in 
the plasma is chiefly Na from NaCl, to form bicarbonate. As 
CO; is given off in the lungs, NaCl is reformed from NaHCO3. 

From any blood, therefore, plasmas of widely varying content 
of alkali are obtained, depending upon the tension of CO: at the 
time of centrifuging. Each of these plasmas has various alkali 
values with varied tensions of CO.. The relations of the primary 
and secondary dissociation curves of the plasma to each other 
and to the curve of the whole blood are here exemplified. 

A quality of normal blood from a resting animal is that varia- 
tions of CO, tension (in the presence of ample oxygen) call nearly 
the same increase of alkali into use in unit volume of the blood 
as in unit volume of its unseparated plasma. ‘Thus the bicarbon- 
ate content of the corpuscles (apart from the effect of variations 
of oxygen) rises and falls with that of the plasma around them. 
But this does not hold at abnormally high tensions; and at very 
low tensions, as will be shown in later papers, the blood undergoes 
an irreversible alteration. The parallelism of alkali variations in 
corpuscles and plasma affords, therefore, a convenient test as to 
whether or not a given blood sample is normal. 

It is probably by means of the equality of gain and loss of 
bicarbonate that the Cy inside the corpuscles and that outside 
them in the plasma are kept the same, or at least in uniform rela- 
tion. The Cy indicated by the primary plasma curve at various 
tensions of CQ, in the blood is particularly significant. 

It thus appears that the corpuscles dominate the plasma so 
powerfully that the alkali of the (unseparated) plasma at a 
certain tension of CQ, is essentially an expression of the alkali- 
producing power of the corpuscles. The plasma alkali is only 
a part of the total alkaline reserve of the blood. -The chief ‘4 
buffer is the hemoglobin. The extent to which the corpuscles 
are loaded with HCl is indicated by the amount of alkali which 
they call into use out of NaCl at a certain tension of CQO.; that 
is, the CO. capacity of the blood. 


198 Hemato-Respiratory Functions. VII 


The condition underlying the variations in this quality of the 


corpuscles will be considered in the next paper. 
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VIII. THE DEGREE OF SATURATION OF THE CORPUSCLES WITH 
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ALKALI CALLED INTO USE IN THE PLASMA. 


By HOWARD W. HAGGARD anp YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


It is shown in the preceding paper that the alkali of the plasma, 
chiefly NaHCOs, is not an independent property of that fluid, 
but is controlled and determined by the corpuscles. From this 
it follows that when a figure for the plasma alkali, for instance 
40, 55, or 70, is found by analysis, its significance for the blood 
lies in large part in what it tells of the quality of the corpuscles. 

In this paper we shall report experiments which throw some 
light on this quality of the corpuscles. What are the conditions 
which determine why one blood, when equilibrated with a certain 
tension of CO, (for instance 40 mm.), develops a plasma alkali of 
40, while another blood at the same tension develops 55, and a 
third 70? The experiments given below indicate that one of the 
conditions in question is the extent to which the corpuscles are 
loaded with HCl. 

It will here appear that the amount of alkali developed in the 
plasma of any blood equilibrated to 40 mm. of CO, tension is an 
index of the extent to which the corpuscles have been previously 
depleted of alkali-producing power. If they are heavily loaded 
already they can take additional HCl less readily, and thus develop 
less alkali in the plasma than if previously only lightly loaded. If 
on the contrary the load of the corpuscles is artificially decreased, 
by the treatment described below, they will then take HCl more 
readily and thus produce a higher plasma alkali than they were 
previously able to do. Thus, as we shall show, any corpuscles 
may be made to furnish any plasma alkali. 
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The underlying reasons for this behavior of corpuscles are ’ 
probably to be found (1) in the capacity of hemoglobin to com- 
bine with large amounts of acid, or alkali, under slight change 
of Cy—in other words its extraordinary buffer value; and (2) in 
the tendency of normal corpuscles to maintain within certain 
limits the same Cy, or at least the same difference of Cy, in the 
fluid around about them and in their own intrinsic fluid under 
variations of CO, tension. : 

To Zuntz (1) and to Hamburger: (2) we owe the clear recogni- 
tion and demonstration of the fact that under the influence of 
CO, there is a passage of HCl between plasma and corpuscles. 
Giirber (8), Van Slyke and Cullen (4), and Fridericia (5) have 
proved by chloride analyses that the amount of HCl formed 
from NaCl and passing into the corpuscles corresponds to the 
greater part of the amount of alkali bicarbonate produced. 

Starting from this point, our experiments show the really 
enormous amounts of HCl which the corpuscles are capable of 
taking up under slight increase of the CO: ratio and Cq. These 
observations illustrate the effectiveness with which the cor- 
puscles stabilize this ratio (H2,CO3;: NaHCOs;), and therefore the 
Cy, in the plasma. The conception of the ‘‘HCl load of the cor- 
puscles,”’ here introduced, suggests that the real source of the 
alkali of the plasma is not the alkali of the food, but the NaCl of 
the blood. It follows from this conception that, for instance, if 
two plasmas, separated in both cases under 40 mm. of COs, show 
CO, contents respectively of 50 and 60 volumes per cent, the 
HCl loads of the corpuscles in the two cases must differ by an 
amount very much greater than a quantity of HCl which would 
correspond to 10 volumes per cent of CO.. From this concep- 
tion we may safely infer that when the body is striving to call 
alkali into use in the plasma through depressed breathing and 
acidosis, or to cause alkali to disappear through acapnia and 
alkalosis, the variations induced in the HCl load of the corpuscles 
must be very large indeed—much greater than analyses of plasma 
CO, would directly indicate. 

The method of experimentation was as follows: Samples of 
oxalated dog blood were equilibrated with various tensions of 
CO, and the plasmas separated by the centrifuge. The cor- 
puscles were then washed once with normal saline solution (0.9 
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per cent NaCl solution with no tension of COs), recentrifuged, 
and then made up to the original blood volume with fresh saline 
solution. The resulting suspension was thoroughly mixed, and 
was then equilibrated with CO. at various tensions. Finally 
the saline solution was separated from the corpuscles by means 
of the centrifuge; and the bicarbonate which had been formed 
in the saline was determined. 

All the operations of equilibration, centrifuging, and analyzing 
were carried out at a summer room temperature of 30°C. 


Experiment 1.— 
Combined 


Combined 
COz in CO: in 
Sample Sample 
A. BS 
vol. vol. 
per cent per cent 
(1) Blood equilibrated with (1) Another sample of same 
41 mm. CO, and cen- blood equilibrated 
trifuged. with 712 mm. CO: 
and centrifuged. 
Its plasma at 41 mm...| 48 Its plasma at 41 mm.../ 80 
(2) Corpuscles (from A1) (2) Corpuscles (from B1) 
washed, mixed with washed, mixed with 
saline, and equilib- saline, and equilib- 
rated with 41 mm. rated with 41 mm. 
COs. CO:. 
Corpuscle-saline suspen- Corpuscle-saline suspen- 
TOT es ae eae eee ee 32 SION cours oa eee eeee 22 
Saline centrifuged off...} 46 Saline centrifuged off.... 29 
(3) The same _ corpuscle- (3) The same corpuscle- 
saline suspension (as saline suspension (as 
A2) equilibrated at B2) equilibrated at 
712 mm. CO: and cen- 712 mm. CO: and 
trifuged. centrifuged. 
This saline at 41 mm. This saline at 41 mm. 
(CAO ae a toe aR 77 COs cee saee eee 40 
Sum of. (1) ang. (ds). 2... <.s 125 120 


In Experiment 1 it is to be noted that (in Samples Al and A2) 
the figures for the alkali called into use by these corpuscles at 
41 mm. of CO, in the natural plasma and in a saline solution are 
nearly the same; namely, 48 and 46 volumes per cent of COs. 
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Note that similarly (in Samples A3 and B1) equilibration at 
712 mm. of COs: also calls into use nearly the same amount of 
alkali from natural plasma and from saline; namely, 77 and 80 
volumes per cent of COs. 

Note on the other hand that after the corpuscles have received 
an increased load of HCl under the influence of a high tension of 
CO, (as in Sample B1) their power of calling alkali into use is 
diminished, for example from 46 (in Sample A2) to 29 (in Sample 
B2) and from 77 (in Sample A3) to 40 volumes per cent (in 
Sample B3). 

We have found in other experiments, in which the CO, dis- 
sociation curve of whole blood was determined up to very high 
tensions (700 mm. and over), that above certain limits no 
more alkali is called into use, and additional CO, is taken up only 
in simple solution (see Experiment 6 of the preceding paper). 
From this it might be supposed that the total alkali-producing 
power of the corpuscles had been called into use, and that the 
combined CO, at, for instance, 450 mm. could be taken as a 
measure of it. 

But from Experiment 1 it appears that such is not the case; for 
the same corpuscles which (in Sample B1) produced an alkali of 80 
in their own plasma at 712 mm. had still the power to produce 
considerable additional amounts of alkali in saline (Samples B2 
and B3). Evidently the alkali-producing force is balanced against 
the alkali (or the Cy) already in the fluid, either plasma or saline. 
(Quantitatively there are discrepancies in our data from whole 
blood, in the preceding paper, and from _ corpuscle-saline 
suspensions. ) 


Experiment 2.—Blood (from same dog as in Experiment 1) equilibrated 
with 712 mm. of COs, and centrifuged as in Sample B of Experiment 1. 

The corpuscles were then mixed with saline to which a small amount of 
sodium bicarbonate had been added. The suspension was then equilib- 
rated with 41 mm. of CO, and centrifuged. 

Saline-bicarbonate solution at 41 mm. CO, before addition of corpuscles 
= 49 volumes per cent COn. 

Saline-bicarbonate solution after centrifuging =10 volumes per cent COs. 


Experiment 3.— 

Sample A. Arterial blood centrifugalized. 

Plasma bicarbonate at 41 mm. = 36 volumes per cent COs. 

Sample B. The corpuscles (from Sample A) mixed with saline and 
equilibrated with 41 mm. COs. 
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Saline centrifuged off at 41 mm. = 33 volumes per cent CO:. 

Sample C. The corpuscles (from Sample B) were again mixed with fresh 
saline, and again equilibrated to 41 mm. COn:, and centrifuged. 

This saline at 41 mm. = 28 volumes per cent COs. 

Sample D. The corpuscles (from Sample C) were mixed with saline 
a third time, equilibrated to 712 mm. COs, and centrifuged. 

This saline at 41 mm. = 54 volumes per cent CO:. 

Total of plasma and salines = 151 volumes per cent COs. 

(The equal sign (=) is here used to signify that the saline or plasma 
was found on analysis to contain the indicated amount of combined COs; 
1.e., NaHCO. 


Experiment 4.— 


Combined Combined 
CO: in COzin 
Sample Sample 
A. B. 
vol. vol. 
per cent per cent 
(1) Blood rotated for a few (1) Another sample of 
minutes in a flask same blood equilib- 
with room air and rated at 712 mm. CO, 
centrifuged. and centrifuged. 
Plasma at 41 mm.CO:..| 35 Plasma at 41 mm. CO». 91 
(2) Corpuscles (from Sam- (2) Corpuscles (from Sam- 
ple Al) washed, ple Bl) washed, 
mixed with saline, mixed with saline, 
and equilibrated at and equilibrated at 
Corpuscle-saline sus- Corpuscle-saline sus- 
MENSIOMN Ae slatse tees | OO PENSION! Ne isSe. 2c: 22 
Saline centrifuged off...| 50 Saline centrifuged off..| 36 
(3) Corpuscles (from Sam- (3) The same _ corpuscle- 
ple A2) suspended in saline suspension (as 
fresh saline, equilib- Sample B2) equilib- 
rated with 712 mm. rated with 712 mm. 
CO, and centrifuged. CO, and centrifuged. 
This saline at 41 mm. This saline at 41 mm. 
CLG he ite eee ae a 104 COp esc ee” eee pan. iy eel 
Total of plasma and salines.| 189 Sum of (1) and (8)....... 182 


Experiment 5.—Arterial blood was used. It contained 40 volumes per 
cent of CO.. It was centrifuged, and the corpuscles were found to con- 
stitute almost exactly 50 per cent of the volume. The plasma contained 
40 volumes per cent of COs. 
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The corpuscles were divided into four parts and suspended respectively 
in saline solution (0.8 per cent NaCl), (a) of equal volume, (b) of three 
volumes, (c) of six volumes, (d) of twelve volumes. All were equilibrated 
at 40 mm. of CO, at 37°C. and centrifuged; and the salines were analyzed. 


Total 
Corin |Corpre| CO 
in ro- ’ 
: hee! need by Se C7 pH 
1 ce. cor- 
puscles 
vol. vol. 
per cent per cent 
IPT AISID eM eres cc teew share vane ees 40 40 3:40 0.60 7.22 
Saline (a), one volume...... 32 32 3202 0.75 7.12 
“ (6), three volumes..... 27 81 3:27 0.88 7.05 
“  (¢), six nd Ree 24 144 3:24 | 1.60). 7200 
oe (CL) UC WELV.G Ma menses: 19 228 3:19 1.26 6.91 


From these data we see that under an increase of Cy from 0.6 to 1.26 
X 1077 (or pH 7.22 to 6.91) these corpuscles absorbed an amount of HCl, 
and produced an amount of alkali, corresponding to 228 volumes per cent 
of COs. 


From Experiment 2 we see that when corpuscles have been 
loaded with HCl by exposure to a high tension of CO» and are 
then transferred to a saline solution of moderate alkalinity at a 
moderate tension of COz, they give off HCl and reduce the alkali 
of the solution, turning NaHCO; into NaCl. 

From Experiment 3 we see that normal corpuscles have a very 
large capacity for HCl. The figures show only a slight decrease 
of alkali production in the second saline in which they were 
equilibrated at normal CO, tension. That they still had a large 
reserve capacity for HCl is shown by the even larger amount of 
alkali produced in a third saline in which they were equilibrated 
with a high tension of COs. 

In Experiment 4 the contrasting figures for Samples A and B 
show that corpuscles may have their load of HCl decreased by 
equilibration to a low tension of COs, and increased by a high 
tension. The less loaded and the more loaded are then seen to 
produce quite different amounts of alkali in saline both at normal 
and at supernormal tensions of CO,. But the increase of alkali 
called forth is nearly the same. Thus comparing Sample A2 
with Sample B2, and Sample A3 with Sample B3 we find 
50 — 386 = 14, and 104—91 = 18. 
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From these experiments it appears that the capacity of the 
corpuscles to absorb and give off HCl is very large, and that it is 
controlled by the tension of CO, through the concentration of 
H.CO3 in‘solution. Evidently the total alkaline reserve of the 
blood is not merely the NaHCO; of the plasma but the entire 
acid-absorbing and alkali-producing power of the corpuscles. 
The data above given indicate that this acid-concealing power of 
the corpuscles is five or ten times as great as the acid-neutralizing 
power of the NaHCO; in its plasma. 


Regulation of Plasma Cy by Alkali-Producing Power of Corpuscles. 


We thus see the enormously important part played by the 
corpuscles in the regulation of Cy in the plasma. Indeed, the 
intrasanguinary mechanism for the regulation of neutrality need 
involve little more than the capacity of the corpuscles to produce 
NaHCoOs, or to neutralize it to NaCl, almost in proportion to the 
concentration of H.CO;; for theory indicates that the Cy varies 
in proportion to the COs ratio (HsCO3 : NaHCOs). 

Consideration of these experiments suggests that the placing 
of corpuscles in saline is virtually equivalent to adding to blood 
an amount of HCl just sufficient to convert all the NaHCO; of 
the plasma into NaCl. Presumably, if the blood were then 
equilibrated with 40 mm. of CO, the corpuscles would in large 
part (four-fifths to nine-tenths) restore the alkali in the plasma. 
But the Cy would be increased by 10 or 20 per cent. 

Doubtless it is through its influence upon Cy that the tension 
of CO, and concentration of H,CO; act. If so, the effects of the 
addition of acid or alkali to blood should be dealt with, not at a 
uniform tension of COs, as in the experiments above reported, 
but at a uniform Cy; that is, at a uniform CO, ratio. Thus if 
the normal level of the ratio HsCO3: NaHCO; is 3:60, and an 
amount of HCl is added corresponding to 20 volumes per cent of 
COs, the plasma alkali would not fall from 60 to 40 (although 
60 —- 20 = 40), but merely to an intermediate figure, as long as 
the tension of CO, is unchanged. But if the tension were reduced 
so that the concentration of H.CO; is now 2 instead of 3, the alkali 
should then be 40. At the new level of 2:40 the Cy would again 
be normal. The load of HCl on the hemoglobin—or, if hemo- 
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globin acts as an acid, the amount of base combined with it— 
would then be the same as at the original 3: 60 level. The whole 
change would consist in the neutralization of part of the alkali 
in use and a proportional reduction of H:CO3. The CO, ratio 
and Cy would be unaltered. —e is, apparently, what occurs 
in vivo (6). 

The same consideration would apply to arise of level to 4:80 
due to addition of. alkali. The CO: ratio and Cy being normal, 
the load on the hemoglobin would be the same as at the levels 
2:40 and 3: 60. 

We have performed some experiments 7n vitro which ous 
that these expectations are correct, but they need to be repeated 
and extended before detailed publication. 


CONCLUSIONS. 


Centrifuged corpuscles suspended in saline solution and exposed 
to a tension of CO: produce in the saline solution an amount of 
alkali only a little (one-fifth or one-tenth) less than that called 
into play in the plasma before centrifugation at this CO: tension. 

Corpuscles may have their load of HCl increased or decreased 
by suitable equilibrations. The alkali-producing power of the 
corpuscles is adjusted accordingly. When suspended in a saline 
solution, corpuscles already heavily loaded with HCl call forth 
less alkali at a given tension of CO, than less loaded corpuscles. 

The total capacity of the corpuscles for acid is equivalent to 
an amount of alkali several times greater than that in the plasma 
of normal blood. This capacity is controlled immediately by 
the tension of CO, and concentration of HeCO3; and presumably 
the Cy, in the blood. When the HCO; is increased there is an 
almost proportionate increase of NaHCO; and the change in the 
CO, ratio (HsCO; : NaHCOs;) and Cy is correspondingly slight. 

When whole blood is equilibrated at a very high tension of 
CO, the alkali-producing power is not (as might be supposed) 
exhausted. The alkali called into use at such tensions is therefore 
not a measure of the total potential alkali-producing capacity 
of the corpuscles. It is merely a measure, or approximation, of 
what they can do in the existing plasma (high in NaHCOQs), 
against which they are balanced. 
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HEMATO-RESPIRATORY FUNCTIONS. 


IX. AN IRREVERSIBLE ALTERATION OF THE H.CO;: NaHCO; 
EQUILIBRIUM OF BLOOD, INDUCED BY TEMPORARY 
EXPOSURE TO A LOW TENSION OF CO.,. 


By HOWARD W. HAGGARD ann YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


Observations in this laboratory have pointed repeatedly to the 
occurrence of a more or less permanent and irreversible, or diffi- 
cultly reversible, alteration in the blood under low tensions of CO». 
Henderson (1) observed such an alteration in vivo in 1908. Hen- 
derson and Haggard (2) estimated the critical level at 33 to 36 
volumes per cent of CO, in the arterial blood, but we now think 
that, owing to neglect of temperature, these figures are somewhat 
too high. 

We found that in dogs, when overventilation of the lungs was 
carried so far that the arterial blood was reduced below the crit- 
ical level, an irreversible reduction in the CO.-combining power 
of the blood occurred. Thereafter, restoration of CO: to the 
blood even by inhalation of CO, in air was ineffective, and death 
always followed. 

In a more recent publication (3) we have called attention to 
the fact that in equilibrating blood with gases, for the deter- 
mination of the CO, dissociation curve, care must be taken that 
the blood is not exposed to very low tensions of COs; e.g., 20 mm. 
or less at body temperature. At such tensions we found that 
the same, or a closely similar, alteration of the blood occurs 
in vitro as that noted above in vivo. 

We were led to this observation by the occurrence of discrep- 
ancies in our analytical results. In some experiments the CO, 
content deduced from the COs: dissociation curve of the blood at 
the alveolar CO, tension did not agree with the CO, content found 
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in the arterial blood by direct analysis. This indicated that in 
these cases the curve was erroneous, and that the error was due 
to alterations in the blood in vitro. 

In Experiment 1 is to be seen an example of this type of analyt- 
ical discrepancy. The arterial blood contained 46 volumes per 
cent of COs. Some of this same blood equilibrated with air 
containing 41 mm. of CO, likewise contained 46 volumes per 
cent of COs. But. when a third sample of.the same blood was 
equilibrated in succession to tensions of 18, 40, and 72 mm., the 
curve plotted from the analytical results indicated a CO: content 
of only 42 volumes per cent at 41 mm. Evidently the blood had 
lost CO. capacity in the course of the equilibrations; that is, it 
called less alkali into use at a CO. tension of 41 mm. than originally. 


Experiment 1.—The femoral artery of a dog was cannulated under local 
anesthesia. Arterial blood was drawn under oil and onto a small amount 
of oxalate. It was divided into three samples of which one (a) was imme- 
diately analyzed, another (b) was equilibrated with air containing 41 mm. 
CO, at 37.5°C. and analyzed, and the third (c) was equilibrated in suc- 
cession at 37.5°C. with air containing 18, 40, and 72 mm. COs, and an analy- 
sis made at each tension. 

The analyses showed (a) = 46 volumes per cent CO»; (b) = 46 volumes 
per cent CO:; (c) at 18 mm. = 30 volumes per cent COs, at 40 mm. = 41 
volumes per cent COz, and at 72 mm. = 50 volumes per cent COs. 

From the dissociation curve plotted from the last three figures, (c) at 
41 mm. would contain about 42 volumes per cent CO, in contrast to 46 in 
(a) and (6). 


It needs to be distinctly noted that this indicates quite a dif-— 
ferent type of alteration of the corpuscles from the immediately 
reversible reaction to COs, or the adjustment of their load of 
HCl, discussed in the two previous papers. 


Experiment 2.—Arterial blood from a dog was oxalated. It was then 
equilibrated at 18 mm. of CO», at 37°C. for } hour. At intervals samples 
were taken and analyzed for their content of CO.. As 8 minutes is ample 
time for equilibrium, the following figures suggest a progressive loss of 
CO.-combining power. 

AB UNE PERE ation Mesias oboe ee Che 0 8 15 20 30 
CO, content, vol. per cent............ 45 26 24 22 21 


Observations of the character shown in Experiment 2 also led 
us to suspect that exposure of blood in vitro to low tensions of 
COs; results in some fundamental alteration in its CO.-combining 
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power. To test this hypothesis a sample of blood was equili- 
brated in succession with decreasing tensions of CO, and its disso- 
ciation curve plotted. With a second portion of the same blood 
equilibrations were made in the reverse order; that is, beginning 
with a very low tension but using the same gas mixtures as pre- 
viously. The results obtained are shown in Experiment 3. 


Experiment 3.—Oxalated arterial dog blood was used. One sample (a) 
was equilibrated at 37.5°C., for 15 minutes each time, with air containing 
72, 40, 18, and 1 mm. COs, and an analysis for CO: content was made at 
each tension. A second sample (b) was similarly equilibrated with the 
same CO, tensions but in reverse order. The analysis showed: 

Sample (a) at 72, 40, 18, and 1 mm. contained 56, 47, 32, and 14 volumes 
per cent CO: respectively. 

Sample (b) at 1, 18, 40, and 72 mm. contained 14, 27, 38, and 49 volumes 
per cent CO, Pee eae aly: 

(Previous experiments have demdlatad that the time, 15 minutes, 
here allowed, is quite sufficient for the complete attainment of equilibrium.) 


It has been shown by Christiansen, Douglas, and Haldane (4) 
that the CO.-combining power of defibrinated blood is sometimes 
initially greater than that of the undefibrinated, and that the 
defibrinated undergoes a progressive decrease of CO,-combining 
power on standing. These authors, Buckmaster (5), and Bohr 
(6) refer to changes of blood alkalinity induced by defibrination 
as indicated by the work of 20 to 40 years ago in which the blood 
was titrated. But it is not easy to say just how much bearing 
these early observations have on the present problem. 


Experiment 4.—From a cannula in the femoral artery of a dog three blood 
samples of 10 ce. each were drawn in rapid succession. The first (a@) was 
treated with ammonium oxalate under oil. The second (b) was carefully 
defibrinated by moderate stirring with a feather under oil. The third (c) 
was collected in a paraffined flask. All three were immediately equili- 
brated with 40 mm. of CO, at 37.5°C. The analyses of these samples showed 


Sample (a) = 48 volumes per cent CO. 
“ (b) = 54 “ “ “ CO2 
its (c) = 4S “ce cc “ce CO, 


Experiment 5—Two samples of arterial blood were drawn. One was de- 
fibrinated, the other oxalated. Both were equilibrated with 40 mm. CO, 
at 37.5°C. for 2 hours. At intervals samples were withdrawn and ana- 
lyzed. The results were as follows: : 
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inaie. Wain eae. Ne San 15, 30. 60 ae 
Defibrinated blood, vol. per cent......... 54 52 46 42 
Oxalated blood Be ee 0 ne eS “x, 47 47 48 47 


Experiment 6.—Oxalated arterial dog blood was allowed to stand exposed 
to the air at room temperature in a beaker. One sample of the original 
blood was equilibrated with air containing 40 mm. CO, and a second with 
air of 21 mm. CO,. At intervals additional samples were taken from the 
beaker, and divided into two parts, of which one was immediately analyzed 
for CO, while the other was equilibrated with 40 mm. CO, and analyzed. 


MINE ITN Sos nents = sk nity cae elena 0 60 120 180 240 - 300 
CO, content, vol. per cent...... Al” 37 33 a0) 21 
CO.-combining power at 21 mm. 30 

CO2-combining power at40 mm. 40 40 39 40 38 36 


Evidently this blood underwent no fundamental change until, at the 
end of 180 minutes, its content of COz fell below 30 volumes per cent and 
its tension below 21 mm. 


Experiment 4 indicates that for the purposes of blood gas 
equilibration and analysis oxalated blood is much. nearer to 
normal blood than is that which has been defibrinated. 

Experiment 5 in turn indicates that even when defibrinated 
blood is kept at a CO. tension of normal amount it tends to 
undergo a progressive loss of COs-combining power. Oxalated 
blood on the contrary within any reasonable time does not exhibit 
this change. 

In Experiment 6 it is to be seen, however, that if oxalated 
blood is exposed to air it likewise undergoes a progressive loss of 
CO.-combining power when, but not until, the CO, tension falls 
below 21 mm. at room temperature—as shown by the results of 
analyses of samples separated at intervals and equilibrated again 
at 40 mm. of COs. 

In Experiment 7 it will be seen that an even more rapid loss 
of COs.-combining power may be produced in oxalated blood by 
passing through it a continuous stream of air free from COs. 
In the performance of this experiment difficulty was at first 
encountered because of the concentration of the blood by evapo- 
ration as indicated by determinations of total solids. In the 
experiment here given a closed circuit apparatus was employed. 
The blood was placed in a paraffined vessel immersed in a water 
bath at 37°C. and by means of a small blower air was circulated 
through this vessel and through a wash bottle containing a solu- 
tion of sodium hydroxide. 
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Experiment 7.—Oxalated dog blood was subjected to a stream of CO»- 
free air circulated as described in the text. The equilibrations and analy- 
ses were similar to those of Experiment 6. 


IETS OUP 8 can Sigtos GEOG Se IDE ROO 0) 30 45 60 120 
CO: content, vol. per cent........... 52 10 10 8 9 
CO,-combining power at 40 mm..... 54 44 32 31 


What the nature of the alteration in blood induced by over- 
ventilation may be we cannot as yet fully define. It appears, 
however, to be associated with several other phenomena among 
which the following may be mentioned. 

Some of the corpuscles are ruptured and the plasma or saline 
is tinged with hemoglobin in solution, as is shown in Paper XI 
of this series. 

Blood altered by overventilation does not thereafter meet the 
test for normality described in Paper VII of this series. Thus 
when two samples of such altered blood are exposed to different 
tensions of COs (for instance; 40 and 50 mm.) and analyzed, and 
their plasmas are separated and analyzed, it is found that the 
plasmas do not show the same difference in CO. content as do 
the two samples of whole blood at the two tensions. This sug-. 
gests that the alteration of the blood involves the development 
of abnormal differences of Cu between the fluid within the cor- 
puscles and that surrounding them. 

We are inclined to believe (but further work is needed) that 
the alteration induced by overventilation is also associated with 
the development in the corpuscles of an increased capacity for 
the interaction of oxygen and CO,. Data bearing on this matter 
are given in the following paper. 


CONCLUSIONS. 


When blood is exposed to a tension of CO, below a critical level 
it undergoes an irreversible, or at least not readily reversible, 
change. Thereafter, if it is equilibrated with a normal tension 
of CO, it combines with distinctly less COz, and presumably pro- 
duces correspondingly less NaHCOs, than it did at this tension 
previously. Defibrinated blood is even more prone to such 
changes than oxalated blood, but oxalated blood likewise shows 
them. 

Some associated phenomena are mentioned. 
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X. THE VARIABILITY OF RECIPROCAL ACTION OF OXYGEN AND 
CO, IN BLOOD. 


By HOWARD W. HAGGARD anp YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


The opinion that variations of CO, content and of Cy in the 
blood influence the amount of oxygen absorbed or liberated by 
hemoglobin has won general acceptance. 

If this view is correct, the converse is, on theoretical grounds, 
extremely probable; namely, that variations of oxygen tension 
and content influence likewise the capacity of the blood to hold 
CO.. 

Experiments directed by Ludwig (1) failed to show this effect, 
however; and Bohr (2) later had a similar negative result. 

On the other hand Christiansen, Douglas, and Haldane (3) 
believe that they have proved the phenomenon; and L. J. Hender- 
son (4) has recently based an extensive theoretical discussion 
upon their results. 

We find, however, that the facts in the matter indicate much 
more complicated relations than any one has supposed. Thus 
the following experiments show that one and the same blood may 
have this property of gaseous reciprocity in marked degree, or 
may lack it, according to the way the blood has been treated. 
Our observations suggest that the same treatment which, as 
shown in Paper IX, induces a lowering of the CO. dissociation 
curve of the irreversible type also induces the capacity for recipro- 
cal action of gases. 

It is noteworthy that until recently, and to a large extent even 
now, most of the studies upon the blood gases have been made 
with defibrinated blood. In our hands, defibrinated blood com- 
monly shows the property of interaction of oxygen and CO, 
while oxalated blood usually does not. 
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TABLE I. 


x 


Influence of Oxygen in Decreasing the CO, Capacity of Defibrinated Blood. 


aD is Equilibrating gas mixture. 


tf | Aw Sein Os... . . ioe eee 
Hydrogen-4-/40 'mm.*CO2i4 7.357. na. - 


bo 


3 Aurel Ov: COs iets cicerrnee eae 
Oxyren ++ 40. mmyCOrs. i). 2c liek 
Hydrogen + 40 mm. COe..........5%.. 
Ntrogen:-}+- 40:2) ) Osos ae cbhias chine 


Nitrogen 40» “ -COse c-Rieae ee - 


Airs Oamam: COs’. </..5..teerercuceeee eerie 
Hydrogen’ +- 40 mm. CO2 0... 0.22 oes 
Naveagen +40). “ (COsv i i aan saeee 


CO: content 
of blood. 


vol. per cent 


53 | 
58 


52 
57 
57 


Average. 


vol. per cent 


52.5 
57.5 
57.5 


49.0 
54.0 
54.5 


47.0 
45.5 
53.0 
52.5 


For the experiments herewith tabulated fresh arterial dog blood 
was used. In some cases it was defibrinated; in others it was 
oxalated. In all cases the samples were equilibrated with the 
gas mixtures indicated in Tables I and II at a temperature of 
40°C. and barometric pressures ranging between 755 and 765 mm. 


TABLE II. 


In Oxalated Blood the Presence or Absence of Oxygen Does Not Influence the 


Capacity for CO». 


Sample 
No. 
1 | Air + 40mm. CQ2..... 42 43 
Nitrogen + 40 mm. CO,| 42 42 
2 Air + 40 mm. CO:..... 37 39 
Oxygen + 40 mm. CO:.| 39 ov 
Hydrogen + 40 mm. CO,| 39 36 
Nitrogen + 40 “ COs} 38 40 
3 | Air+ 70mm. COz..... 58 60 
Hydrogen + 70mm. CO»| 56 58 
Nitrogen + 70 “ COs] 58 58 


vol. per cent 


42 
43 


39 
39 
38 
40 


43 


38 


39 


Equilibrating gas mixture. CO: content of blood. 


39 


ov 


Aver- 
age. 


vol. 
per cent 


42.3 
42.5 


38.2 
38.3 
38.0 
39.3 


59 
57 
58 
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It will be seen that all the defibrinated bloods show the influence 
of oxygen in decreasing COs-combining power. With the oxalated 
bloods, on the contrary, none of the variations in the figures 
obtained lie beyond the range of analytical error. 


CONCLUSIONS. 


The action of oxygen upon the CO: capacity of blood is variable. 
It commonly occurs in dog blood which has been defibrinated, 
but not usually in that which has been oxalated. In the light 
of the results reported in previous papers bearing upon associated 
processes it appears to us probable that the distinction between 
the effects of the two methods of treating blood is in some way 
associated with the irreversible alteration discussed in Paper IX. 
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HEMATO-RESPIRATORY FUNCTIONS. 


XI. THE RELATION OF HEMOLYSIS TO ALTERATION OF THE 
H,.CO;: NaHCO; EQUILIBRIUM. 


By HOWARD W. HAGGARD anp YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


In several of the previous papers of this series we have com- 
mented on the occurrence of hemolysis. From these observations 
it appears that there is a relation between hemolysis and the 
irreversible alteration of the blood discussed in Paper IX of this 
series. 

When we first observed this relation we were inclined to think 
that the explanation might be that laked hemoglobin acts in 
plasma like an acid. Perhaps it does; but it now seems to us 
that the evidence on the whole indicates something more funda- 
mental. One or the other, or an interaction of two processes 
may be involved. One is that excessive decrease of the load of 
HCl by exposure to abnormally low tensions of CO, may have 
effects within the corpuscles which include increased fragility. 
The other is that under conditions of abnormally low COs, 
ratio (relatively H,CO3; < NaHCO) and therefore low Cu there is 
a strain upon the surface of the corpuscles which tends to cause 
their rupture. 

The matter is important as a possible hint regarding the phys- 
ical chemistry of the hemolytic incompatibility of some bloods. 
It is, we think, quite certain that it affords the reason why plasma 
or serum obtained either by allowing blood to stand or by means 
of the centrifuge is often tinged with hemoglobin. Hemolysis 
usually occurs when the surface of the blood has been exposed to 
the air so that gaseous diffusion acts freely on even a thin layer; 
but the plasma is generally clear if the surface is protected with oil. 
In our experience the serum of defibrinated blood is generally 
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tinged with hemoglobin; and this, we believe, is largely ae to 
the exposure of the blood. 

In Table I are summarized the observations which occurred in 
experiments on the blood of a number of dogs. In each case a 
sample of arterial blood was oxalated, equilibrated with 40 mm. 
of COs, and analyzed. A second oxalated sample was equilib- 


TABLE I. 


Relation of Hemolysis to the Irreversible Alteration of CO.-Combining Power 
Induced in Blood by a Preliminary Equilibration at an Be 
Low Tension of CO». 


First sample. Second sample. 
Blood No. 
CO: ene at Hemolysis. 18mm and then Hemolysis. 
vol. per cent vol. per cent 

1 45 _ 32 44 

2 41 — 25 39 

3 33 - 24 30 + 

+ 36 _ 20 26 ++ 

5 30 _ 21 29 _ 

6 30 _ 19 30 — 

if 39 _ 26 36 + 

8 37 - 24 31 ++ 

9 31 _ 23 29 + 
10 33 _ 20 33 _ 
11 28 - 20 28 _ 
12 27 _ 19 27 - 
13 40 _ 32 36 +++ 
14 39 — 24 36 + 
15 37 — 24 30 Hs 
16 31 _ 22 30 _- 
17 33 - 20 33 _ 
18 28 - 20 28 _ 
19 46 — 33 44 a 
20 41 — 26 32 + 


rated first with air containing only 18 mm. of COs, then with 40 
mm. of COs, with analyses at each tension. As will be’ seen in 
the table, some degree of hemolysis was observed in more than 
half of the second samples but in none of the first. It is also to 
be seen in the table that the ‘irreversible effect’”’ in reduction of 
CO.-combining power occurred in exact parallelism to hemolysis. 
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‘Thus whenever the figure in Column 5 was distinctly lower than 
that in Column 2 hemolysis developed. Whenever the figures were 
virtually the same in these columns hemolysis was absent. 

It is also to be seen in the table that hemolysis and the irrever- 
sible alteration of CO. capacity are not induced in all bloods at 
the same CO, tension or content. This is probably due to the 
fact that it is not only the HCl load of the corpuscles but also 
the previous alkali content of the plasma which determines the 
conditions, particularly the Cu, induced within and without the 
corpuscles by a low tension of CQO, (for instance 18 mm.). If 
this view is correct, the data in the table suggest that by the 
methods used in Paper VIII of this series the resistance of the 
corpuscles to hemolysis of this type may be artificially increased 
or decreased. We hope to test this idea. 


CONCLUSION. 


The occurrence of hemolysis in connection with the irreversible 
alteration of CO: capacity induced by exposure of abnormally 
low tensions of CO, is demonstrated. 
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‘GASOMETRIC DETERMINATION OF NITROGEN AND 
ITS APPLICATION TO THE ESTIMATION OF THE 
NON-PROTEIN NITROGEN OF BLOOD. 


By R. L. STEHLE. 
(From the Marine Biological Laboratory, Woods Hole, and the Laboratory 
of Physiological Chemistry, School of Medicine, University of Penn- 
sylvania, Philadelphia.) 


(Received for publication, September 25, 1920.) 


A number of reactions between sodium hypobromite and vari- 
ous nitrogenous substances are known in which nitrogen is liberated 
as a gas. Among this number are the reactions with urea, 
ammonium salts, uric acid, creatine, etc. A method for the 
quantitative estimation of the first named has been based upon 
the reaction in point, though it has now been discredited to a 
large extent. As far as the writer is aware the reaction between 
sodium hypobromite and ammonium salts has never been util- 
ized in the quantitative determination of nitrogen. According 
to Krogh! this reaction falls short of being quantitative as in 
the case of urea. She found 97.5 per cent of the nitrogen of 
ammonium chloride to be liberated by sodium hypobromite and 
obtained a qualitative test for nitric acid in the solution after 
the reaction. 

The experiments carried out heretofore have been performed 
at ordinary pressures. Some time ago it occurred to the writer 
that it would be of interest to carry out several of the above 
reactions in the apparatus devised by Van Slyke? for the deter- 
mination of the carbon dioxide content of blood plasma; that is, 
in vacuo. The urea reaction was tried first and the outcome was 
clear-cut to the extent that this is possible with an apparatus 
of the capacity of that in question. Instead of a smaller quan- 
tity of nitrogen which is obtained when the reaction occurs at 


1 Krogh, M., Z. physiol. Chem., 1913, lxxxiv, 379. 
2 Van Slyke, D. D., J. Biol. Chem., 1917, xxx, 347. 
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atmospheric pressure, trial showed that the theoretical quantity 
of nitrogen is liberated. It was observed incidentally that the 
quantity of carbon dioxide produced is also in accordance with 
theory. Ammonium sulfate was then substituted for urea and 
again the theoretical quantity of nitrogen was obtained. Whether 
Kxrogh’s results were due to the concentration or pressure relations 
obtaining in her experiments is not elucidated here, nor is the 
result in the case of the urea reaction, but the analyses submitted 
in this communication show that the yield of nitrogen obtained 
in the Van Slyke apparatus is quantitative. Inasmuch as in the 
Kjeldahl method for total nitrogen the first step is the conversion 
of the nitrogen of the sample into ammonium sulfate, we have 
in the hypobromite method an alternative procedure for the long 
distillation process of the Kjeldahl method, which is considerably 
shorter and requires no standard solutions. As described here, 
using the ordinary Van Slyke apparatus, the method does not 
have the accuracy obtainable by the Kjeldahl method. This is 
due to the impossibility of reading the volume of nitrogen with 
so high a degree of precision as one might wish. Enlarging the 
apparatus would help, but whether this is feasible the author has 
not attempted to decide. However, the accuracy obtainable 
with the ordinary apparatus is ample for many purposes. 

The procedure is as follows. The sample is digested with 
as small a quantity of sulfuric acid as possible and a small crystal 
of copper sulfate. After cooling, it is diluted and the solution 
made up to some definite volume, for instance 100 cc. A definite 
quantity, preferably not more than 10 ec., is then placed in the 
apparatus. The dissolved air is liberated by subjection to a 
vacuum and expelled. Strong alkali sufficient to neutralize the 
sulfuric acid is run into the apparatus followed by 2 ce. of the 
hypobromite solution. The pressure in the reaction chamber is 
reduced and after shaking for about a minute the liberation of 
nitrogen is complete. Apparently, if the hypobromite is present 
in more than a slight excess, there is some liberation of oxygen. 
In order to eliminate the error which would result from its pres-- 


3'Two stock solutions are prepared. One contains 28 gm. of sodium 
hydroxide per 100 cc.; the other 12.5 gm. of sodium bromide and 12.5 gm. 
of bromine per 100 ec. For use one volume of each and three volumes of 
water are mixed. 
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ence, 1 cc. of a sodium pyrogallate solution (5 gm. of pyrogallate 
acid in 100 cc. of 28 per cent sodium hydroxide) is run into the 
reaction chamber as soon as the decomposition of ammonium 
sulfate is complete. After the oxygen has been absorbed the 
solution is freed from dissolved gases and is then lowered into the 
proper chamber whereupon the nitrogen volume is ready to be 
measured. This can be done so that the contained gas is at 
atmospheric pressure or by making the volume exactly 1 cc. and 
then measuring the pressure conditions necessary to accomplish 
this. A somewhat higher degree of accuracy appears to be 
obtainable by the latter procedure. It has the advantage that 
one is adjusting the meniscus at a set mark instead of estimating 
between marks, and, what is more important, one is always using 
the maximum capacity of the apparatus. Since the error of 
reading the volume is the same at any point, it is obvious that 
the error of any determination introduced by this cause will be 
smaller the greater the volume measured. On the other hand, 
if the quantity of gas is so small that the pressure must be reduced 
to 40 or 50 mm. Hg, for example, then small errors made in esti- 
mating the pressure introduce a relatively large error, though 
perhaps not so large then as when the volume is read at atmos- 
pheric pressure. Correction must be made for the nitrogen con- 
tent of the hypobromite solution. This is approximately 0.009 
cc. (at 760 mm. Hg and 0°) per 1 ce. of solution. The nitrogen 
content of the strong alkali and pyrogallate is negligible. 

The quantity of nitrogen dissolved in the final solution is 
worthy of consideration. If the quantity of solution amounted 
to 10 cc. and the amount of nitrogen liberated was about 1 cc., 
then, since the capacity of the apparatus is 50 cc., the minimum 
nitrogen pressure obtainable in the apparatus would be 7#o of an 
atmosphere. 1 cc. of water dissolves 0.01639 cc. of nitrogen at 
20° and 760 mm. pressure. At ao of an atmosphere the amount 
would be 20 X 0.01639 = 0.00041 cc. per 1 cc. of water, or 0.0041 
ce. per 10 ce. The solvent hére is not pure water, however, but 
a rather strong solution of sodium sulfate, sodium bromide, and 
sodium pyrogallate in which the nitrogen solubility is consider- 
ably less than in pure water. The exact concentration is a vari- 
able quantity and of course no solubility data exist which meet 
the present demand. If it is assumed that a 10 per cent, solution 
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of sodium sulfate is approximately correct, then the correction 
per 10 cc. would be about 0.002 instead of 0.0041 ce. This 
may be 50 per cent from the true value without introducing an 
error greater than 0.1 per cent into the final result. -If the vol- 
ume of gas measured is 0.5 ce. instead of 1 cc., then the correction 
just suggested is halved. According to the accuracy desired the 
solubility factor may be taken into account or neglected. 

The results obtained on various substances are given in Table I. 


TABLE I. 
Substance. Found. Kee 
ce. cc 
Soadrmm«sulfamilatecss 20. oct ce cee Cees 5.92 6.07 
*% bE BORED a cit Teer Ca aor eee 6.04 6.07 
ES c 6.15 6.07 
+ re 6.15 6.07 
ss od 6.15 6.07 
RCI ertttens cet hastens Seictece oe CRA 13.6 13.9 
MORE» Mee tates See eT SS ee RE ee sea 13.9 
Bae BDA,” epee SCE | been. CESAR, URE Tree te 13.8 13.9 
DOENN Lid cs IRERE le Chie SE ak | or rete tee 13.8 13.9 
Se MRT ch ANSE ca co Ricks ce Reka sicker ie oie 13.8 13.9 
WRECRAICIO «ie uehten nee Ae, Guts, | Ney Rey k Weae Bes 32.4 
As ale AR a ITS es SA Pe oS ea BH 32.4 
Coe MMI ot ed A os Ae Re EPR 2 32.8 32.4 
compen ¢ PRS S To ETE oe SP ee eee 33.6 32.4 
Driedtmillkee Heats nt he eae sets eee coho 5.37 5.35 
i FES ES eA RINSE OE OM ee Re 5.42 5.80 
1 EE REP PRS eno ene TC Re et BE ae 46.5 46.7 
“ih PIER IEE ahah ah aT hae Mee tact tit it Me BME ben Tie 46.7 46.7 


The method for the determination of total nitrogen just 
described may be applied to the determination of the non-protein 
nitrogen of blood. The tungstic acid precipitation method 
described by Folin and Wu! for obtaining a protein-free blood 
filtrate is well adapted for the present method. 5 or 10 ce. of the 
filtrate are digested with 0.5 cc. of nitrogen-free sulfuric acid and 
1 drop of a 5 per cent copper sulfate solution. Small Kjeldahl 
flasks (30 cc.), with necks bent almost at right angles about 13 
inches from the end, serve well for the digestion. They are heated 


4 Folin, O., and Wu, H., J. Biol. Chem., 1919, XXXxViii, 81. 
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in a Bunsen flame before use to reduce bumping. If the heat 
from the microburner used in the digestion is controlled by hand 
manipulation, there is little danger of loss of material. After 
the contents of the flask have charred, the burner may be set 
under the flask with the flame reduced. At the first sign of 
an ominous stillness in the flask a piece of quartz sand is dropped 
in, and active though gentle boiling immediately occurs. This 
process is repeated as often as necessary until the digestion is 
complete. Digesting with the sulfuric-phosphoric acid mixture 
recommended by Folin and Wu hastens the process, but the 
method has disadvantages which outweigh the 2 or 3 minutes 
saved. After cooling the digest, it is diluted with 4 or 5 ce. of 
water and the sulfuric acid is partially neutralized with strong 
alkali. This is done merely to save the generation of unneces- 
sary heat in the apparatus. One can determine how much 
strong alkali (55 per cent) is required for 0.5 cc. of sulfuric acid, 
and add about two-thirds of this quantity. The solution is 
again cooled and then transferred to the apparatus. The volume 
of liquid should be about 10 ce. (It is desirable, of course, to 
keep the volume as small as possible but if sufficient water is not 
present sodium sulfate crystals will form.) Dissolved air is then 
eliminated in the usual manner. If this is not well attended to 
a relatively large error will be introduced in the case of a blood 
normal with respect to its quantity of non-protein nitrogen inas- 
much as the amount of gas liberated is small. Sufficient alkali 
to complete the neutralization of the sulfuric acid is now run 
into the vacuum chamber followed by 1 cc. of the hypobromite 
solution described. The apparatus is immediately evacuated 
and shaken for about a minute. As soon as the reaction is com- 
plete 1 cc. of pyrogallate solution is admitted and the apparatus 
is again shaken to insure the absorption of any oxygen. As a 
rule the heat of neutralization is sufficient to warm the apparatus 
several degrees. It is necessary, therefore, to allow it to stand 
for a time before reading the volume of nitrogen or it may be 
immersed in a cylinder of water for a few minutes. After the 
gas is at room temperature the volume is measured in the usual 
manner. If the blood were a normal specimen the volume of 
gas obtained from 5 ce. of filtrate would be in the neighborhood 
of 0.20 cc. The device of making the volume 1 ce. arbitrarily is 
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appropriate here. In reducing the volume to standard condi- 
tions substitution in the. ordinary gas formula is suitable for an 
occasional determination, but for routine work the tables given 
in Landolt-Bérnstein-Roth’s ‘‘Tabellen” are a great convenience. 


TABLE II. 
Non-Protein Nitrogen, per 100 Cc. Blood. 


Hypobromite method. Kjeldahl method. 
mg. mg. 
39.5 41.8 
39.3 39.3 
38.7 36.0 


38.3 41.9 


Results are easily duplicated by the method just described 
and-to some who have difficulties with colorimetric methods the 
choice of a method based upon a perfectly clear-cut chemical 
reaction may be welcome. The results have been checked by 
the Kjeldahl method (Table II), though this could hardly be 
considered essential in view of the results given in Table I. 


RELATION OF FODDER TO THE ANTISCORBUTIC 
POTENCY AND SALT CONTENT OF MILK.* 


By ALFRED F. HESS, L. J. UNGER, ann G. C. SUPPLEE. 
(From the Bureau of Laboratories, Department of Health, New York.) 


(Received for publication, October 26, 1920.) 


‘In 1914 Funk (1) raised the question as to whether milk varies 
in its vitamine content according to the fodder of the cow. Since 
this time several other investigators have referred to an interre- 
lationship of this nature, notably Barnes and Hume (2) in a 
recent paper on the antiscorbutic content of milk. In an article 
treating of the fat-soluble vitamine, we suggested an insufficiency 
of this dietary factor in milk as the result of the winter fodder 
of cows (3). Indeed, in view of the probability that the animal 
organism is incapable of synthesizing vitamines, and is dependent 
on the food for its supply, one should expect the milk to be greatly 
affected by the dietary intake. The first experimental proof of 
the existence of this interrelationship has been furnished recently 
by the work of Hart, Steenbock, and Ellis (4). These investi- 
gators conclusively show that milk secreted by cows receiving 
dry fodder contains far less antiscorbutic vitamine than milk 
secreted by cows on summer pasture. The herd which they 
tested had never been given any “‘fresh green vegetable tissue,” 
having been fed continuously on “air-dried roughages and grains.” 
The summer pasture milk was derived from cows which grazed 
part of the day on grass and clover. 

Our investigation, which was undertaken last spring, differs 
from that of Hart, Steenbock, and Ellis mainly in a delimitation 
of the duration of the feeding periods, and in the inclusion of a 
chemical examination of the two varieties of milk. The plan of 
the experiment was as follows: Five grade Holstein cows which 
had been freshened about 2 months previously were employed 


* Presented before the Society of Experimental Biology and Medicine, 
New York, October 20, 1920. 
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for the entire test. These cows had been stall-fed throughout 
the winter on a normal winter ration of ensilage, hay, and con- 
centrates. Beginning April 30th, 1920, and for 21 days there- 
after, the cows were fed on a daily ration of 25 pounds of a con- 
centrate mixture which consisted of one part of bean meal, tivo 
parts of oil meal (flaxseed extracted by pressure), two parts of 
hominy, two parts of gluten meal, and two parts of bran; they 
received also 8 pounds of kiln-dried beet pulp, 4 quarts of molasses, 
and 12 pounds of straw. The object of this dietary was to pro- 
vide a food which was ample in all respects excepting in its quota 
of antiscorbutic vitamine. For the first few days the cows mani- 
fested a marked loss of appetite, but thereafter they consumed 
practically the entire amount of the dry ration. They had pro- 
duced, prior to this experimental feeding, an average of about 
40 pounds of milk per day. At first this change in fodder resulted 
in an average decrease in milk production of about 10 pounds per 
cow per day, but later the animals became more accustomed to 
the ration, so that at the end of the 21 day period there was an 
average decrease in milk flow of only 5 pounds per day. The 
general health of the cows had not been maintained. After 3 
weeks of this antiscorbutic-free ration a mixed sample of milk 
from all five cows was collected and dried by means of the Just 
roller process, by which it is subjected to about 230° F. for a few 
seconds. 

The cows were then placed on pasture for 3 weeks, a small 
amount of concentrate being given, in addition, for the first few 
days only. After 3 weeks pasturage, a day’s milking of the five 
cows was collected and dried. Throughout this second. period, 
excepting for the first few days, the cows received only fresh 
grass. The physical condition of three of the cows showed 
marked improvement, but two did not respond so quickly to the 
change in fodder. The production of milk did not increase 
materially during this period of pasturage, and at its close was 
still 5 pounds less per cow per day than before the concentrated 
feeding had been instituted. 

The object of using dried rather than fluid milk for this experi- 
ment was that it permitted a test of both varieties of milk to be 
carried out synchronously and under identical conditions. It is 
evident that only by this means could dry fodder milk and pas- 
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ture milk from the same cows be tested at one and the same 
time. Furthermore, it made it possible to define sharply a feed- 
ing period—3 weeks—and thereby to judge the effect on the 
quality of the milk of a dietary given during this limited period. 
Unless dried milk were used, the pasture milk would represent a 
product varying according to the ever lengthening time that the 
cows had been grazing, whereas by using dried milk the entire 
quantity was obtained from 1 day’s milking just 3 weeks after 
dry fodder had been discontinued. 

The milk was kept tightly sealed in tin containers until required, 
and was then diluted with water to its original water content. 
Guinea pigs were fed the equivalent of 80 cc. per capita daily of 
fluid milk, in addition to oats and bran. This amount of milk 
was selected because previous tests with dried milk had shown 
that it contains what may be termed the borderline protective 
dose of antiscorbutic vitamine, and that when guinea pigs are 
given more than this quantity they fail to develop scurvy. Every 
animal received its full quota daily, supplementary hand feeding 
being resorted to when necessary. 

Charts 1 and 2 illustrate the results of two sets of feeding tests. 
It is seen that all the guinea pigs fed with the dry fodder milk 
developed scurvy within a period of 21 days, and died of scurvy 
within 56 days. On the other hand, the animals which received 
pasture milk are still alive after more than twice this interval— 
120 days—two showing mild signs of scurvy. The contrast is 
striking, and definitely illustrates the masked difference in anti- 
scorbutic content of the two varieties of milk. 

When we bear in mind that this marked alteration in the qual- 
ity of the milk took place in cows which had been on pasture but 
3 weeks, it is evident that the antiscorbutic vitamine of the food 
is rapidly secreted into the milk by the lacteal glands, even in 
the extreme instance where the body has been absolutely starved 
of this vitamine. The tissues do not seem to replenish their 
deficiency of this vitamine or to hoard it before excreting any 
from the body by way of the milk. This result bears out some 
unpublished experiments which showed that guinea pigs are 
unable to store the antiscorbutic vitamine, that even though 
their diet has contained it in large excess such provision does 
not protect them from a subsequent period of antiscorbutic vita- 
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Cuart 1. Guinea pig feeding experiment. The cows producing this 
milk had been fed on fodder containing almost no antiscorbutic vitamine 
for a period of 3 weeks. 
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Cuart 2, Guinea pig feeding experiment. Milk from the same cows 
as in Chart 1 after they had been pasture-fed for a period of 3 weeks. 
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mine starvation. In other words, these animals seem to be carry- 
ing on a precarious hand-to-mouth existence in relation to this 
essential dietary factor. 

The feeding test with dry fodder milk demonstrates that it 
contained but little antiscorbutic vitamine. If we compare this 
result with that obtained when guinea pigs are fed an equivalent 
amount of milk which has been autoclaved at 110°C. for 1 hour 
in order to destroy its antiscorbutic vitamine, we find that there 
is little difference in the length of time it takes for scurvy to 
develop; the sole advantage enjoyed by the guinea pigs fed on 
the dry fodder milk is a somewhat longer duration of life. Such 
a result must be interpreted as indicating that at the end of the 
first stage of our test the cows were secreting milk which was 
almost devoid of the antiscorbutic vitamine, and that when the 
supply of this dietary factor is entirely cut off, the milk is rapidly 
depleted of its antiscorbutie content. It should be remembered, 
however, that the feeding conditions were exceptionally rigid, 
so severe as to be rarely encountered under natural circumstances 
in man or in animal. 

Table I shows the composition of the milk as affected by the 
two kinds of fodder. A composite sample of the liquid milk 
from all five cows was used for the analyses, with the exception 
of the lecithin determination, for which dried milk wasemployed. 
A study of the table shows that the fat, protein, and sugar 
percentages were very similar, but that there were certain well 
defined differences in the composition of the ash of the two milks. 
Passing over minor variations, it is seen that the percentages of 
calcium and of phosphorus were significantly higher in the pas- 
ture milk and that its citric acid content was over 50 per cent 
greater.!. On the other hand there was less sulfur in this milk, 
in spite of its somewhat higher protein content. 

The percentages of calcium and of phosphorus in the anti- 
scorbutiec-free milk are below the normal; those of the pasture 
milk are within normal limits. The question of a causal rela- 
tionship naturally suggested itself between the lack of anti- 
scorbutic vitamine and the decreased excretion of these salts 


1 Citric acid was determined by the Bacon and Dunbar method (Bacon, 
F., and Dunbar, P. B., U. S. Dept. Agric., Bureau of Chemistry, Circular 
78, 1911). 
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into the milk. A conclusive answer to this question must be 
postponed, however, until further data are available. 

The increase in citric acid may be explained in part by the 
greater amount of citrates contained in the green fodder, but 
gains added interest in view of the close association between 
citric acid and many of the most potent antiscorbutic foodstuffs. 
In view of the marked variation of this constituent in the two 


TABLE I. 
Composition of Milk as Affected by Fodder. 


Apelor ate-| a 
per cent per cent 
WV CTE Ie chs Kao aici sini «sim bin Hien alee Re tee ihe 88.38 88.19 
MOpAWSOMOS SRC. <3 o/c A As sca ye a ane EN 11.62 11.81 
AEG PO  oic o's 5 aie Risveitisrs ie eteRarsstate eis RISE) Ceiecsio eee 3 3.44 
Sapamproeins (N+< 6.38) wxescc aoe ic weet cinsee 2.82 2.93 
SOCIETY OO) vos os oe oe Pao as Lee 2.28 Zao 
At amiame (CNES<AG 238) hic. eres ee ete eee ee 0.42 0.49 
BERGERAC UVC MLLLO GENS wa oye ces eee eee see 0.02 0.02 
Tee GEUELNATT ISS Re aS IPE» Stet (seh eI UA nears ey Seve 0.069 HOU 
RMR he iin Bk Sr ck Moe ol che te: nt Sp foie anes AS ae 4.56 
ORI MACIO!... here oat. oe Ear er ee cele eats 0.08 “Oras 
JAS ies = pede AM a Panne ae ins Meee el nA heacr ars are 0.606 0.670 
IROWASSTUMT OXIDE hae woeck cio cea cero ere 0.150 0.157 
Sodium aS gts eee Se PaM Ee chew hols Acme rears Aa Leck 0.051 0.056 
Calcium PEARS > Misa anes Mer Ree Ey Seed 0.138 0.165 
Mision eSiumnt sateen Pen Pe AP rie iets tae 0.009 0.005 
Iron So ARS leit Seo Bab hie ot. SAY 0.0001 0.0002 
PHOSPHOLUSseHPOSIGes wae em oe eee semi 0.158 0.190 
Suir, trIOKIGGie |. seth eta eb oe) eee cee ee 0.023 0.014 
cOinLorine 132. 42k. eae Eine aes 0.054 0.097 


varieties of milk, normal figures which have been established 
without regard to the fodder of the cows must be regarded as 
incomplete (5). In fact a lesson to be derived from this chem- 
ical examination of antiscorbutic-free and of pasture milk is the 
danger of setting up rigid standards for milk constituents, and the 
necessity of prefacing such results with full data as to the diet of 
the lactating animal. 


ry 
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CREATININE AND CREATINE IN THE BLOOD. 


By CHI CHE WANG anp MAMIE L. DENTLER. 


(From the Nutrition Laboratory, Department of Home Economics, University 
of Chicago, Chicago.) 


(Received for publication, October 26, 1920.) 


Few figures have been published for the creatinine and creatine 
in the blood of normal women. Hunter and Campbell (1) make 
the tentative suggestion that blood creatinine is lower for women 
than for men, but all the women they observed were either in 
late stages of pregnancy or were convalescent after childbirth, 
- and were therefore very inactive. They also conclude that the 
creatinine is “‘lower in subjects deprived of exercise than in those 
leading an active life.”” It may be, therefore, as they themselves 
suggest, that the inactivity rather than the sex of the subjects 
is the cause of the difference. Their average plasma creatinine 
for forty-three males is 1.04 mg. per 100 ec. and for seventeen 
females 0.87 mg. Plass (2) also gives lower figures for creatinine 
concentrations in women than in men—1.0 to 1.2 mg. and 1.38 to 
1.5 mg. per 100 ce. respectively—but he does not give a detailed 
report on this investigation. 

Creatine, on the other hand, according to Hunter and Camp- 
bell (1) seems to be higher in the blood of females than of males, 
6.81 mg. on the average (uncorrected) as opposed to 5.57 mg. 
per 100 ce. It is also higher in women in late stages of pregnancy 
than in normal women (3). 

Considerable variation in creatine is to be expected both from 
individual to individual and in the same individual from day to 
day. The creatinine is a much less variable quantity. Ham- 
mett’s (4) recent series of weekly analyses of blood from the same 
individuals shows this difference plainly. He divides the various 
bloed constituents into three groups according to the amount of 
variation from day to day in the same individual. Creatinine is 
in the first group, the least variable of all; and creatine in the 
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second group, more variable than creatinine, total non-protein 
nitrogen, and total nitrogen, and less variable than uric acid, 
amino-acid, and urea nitrogen. Some of Hammett’s subjects 
were women but he does not say which figures belong to the 
women and which to men. 


ATABE EE 
Experimenters. Serie Creatine per 100 cc. 
mg. mg. 

Polinsand! Wenisy() ..0 22s some eee 1.1 -1.4 5.2 - 8.4 
Miyersiandomine (6): . 05. -sesee eee ote 1.0 -2.0 5.0 -10.0 
Gettleriand! ‘Baker (7)... 2. 2-..025002200| 02h =055 3.0 - 6.5 
(DTA? (OU) ots SE oie Sana Se ETA be aeeee - <1.0 

Ae 
Hunter and Campbell (1)..............| 0.7 -1.3 2.7 -—3.5 

Average about 3.0. 

Pemberton and Buckmann (10)......... 0.6 -1.3 3.7 - 5.0 
Herpmets (200 Pe, cara 1.08-1.67|  3.00- 6.21 


It is not surprising, therefore, that the many published figures 
for creatinine should be in fairly close agreement (with the excep- 
tion of those of Gettler and Baker (7)) and that the creatine 
figures should show considerable variation. Also the older 
method for creatine was much more faulty than that for creati- 
nine. Table I summarizes most of the published creatinine and 
creatine figures, the great majority of them being for men. 

No work has been done on variation of creatinine and creatine 
in blood during menstruation. That such variation might be 
expected could be anticipated by the work of Krause (11) and 
that of Rose (12) on urine. The results of the former show that 
on a creatine- and creatinine-free diet creatine is invariably pres- 
ent in the urine after menstruation, while the latter states that 
the creatine in urine tended to disappear during menstruation in 
a number of the cases studied, though in most cases no regularity 
was observed. 

It therefore seemed desirable to obtain more figures on the 
blood creatinine and creatine of normal women and especially to 
determine whether, there is any regular, variation during men- 
struation. 
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EXPERIMENTAL. 


For our experiments we had as subjects twenty-four apparently 
normal women students or faculty members ranging in ages from 
20 to 41 years and following the ordinary University regime with 
a good deal of laboratory work. They were, therefore, decidedly 
more active than those who served Hunter and Campbell as 


subjects. 
TABLE II. 


Intermenstrual and Menstrual Creatinine and Creatine per 100 Cc. of Blood. 


Preformed creatinine. Creatine as creatinine. 
Subject. Age. 
4 Bier Menstrual. on Menstrual. 
yrs. mg. mg. “mg. mg. 
18, \ie See 20 I al7/ 1.58 4.65 B18 (hd 
Fh. NS AN aa 21 0.96 1.20 3.45 3.22 
Wises Sie kc,c 21 1.38 1.10 4.05 2.68 
ISG YS atk oc 22, 1-36 220 
10/1 eee a 22 1.42 2.56 
1B, ei Ree 24 1.10 3.30 
Parkes. 24 1.62 1255 2.81 2.89 
WAL PhS: . 26 1.22 1.11 290 |.) 3.38 
Nhe Sa ceae yea 26 1.10 1.138 2.80 2.45 
Ibis LY eed Dee 28 1.37 3.34 
NEMO Rt... 28 1.00 1.38 2.28 2.35 
IRs Wiles 28 1.33 1.33 3.08 2.99 
Ares? byo42\., 5 sz 28 1.07 1.65 3.22 3.29 
PAGEANT, Ses atns Ses 28 1.18 1.36 3.20 3.14 
Ss Aare 29 1.46 3.12 
43 (Cae eerie 33 1.39 1.36 3.30 4.01 
ICSE ee! 34 1.56 1.02 SU 2.64 
HOY ee e'8 2 36 V27 3.23 
ane sont. J sé 36 1.01 4.52 
Ih: JD Se eee 37 1.27 1.35 2.80 3.19 
Tats Ded ag 40 1.39 1.50 3). 12) 4.09 
BRS « 41 1.28 1.34 3.47 3.74 
IAVICT AT Cryin) oes of. 848 Lees 1.25 1.35 3.24 3.16 


* Menstrual specimen 2nd day of period. 
t Irregular menstrually; 3 weeks overdue. 


The blood specimens were drawn on the first day of the men- 
strual period, if possible, but in a few instances on the second 
day (exceptions which are listed in Table IT), and a second speci- 
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men during the intermenstrual period. No definite regularity 
as to the hour for drawing the samples was followed but in all 
but a very few cases the time was between 11 a.m. and 12 m. or 
late in the afternoon; that is, 3 or 4 hours after the last meal. 
The diet of the subjects was not controlled, but their general 
habit was to live on a rather low protein level. 

In determining the creatinine and creatine Folin and Wu’s (13) 
new method was exactly followed. The picric acid was purified 
according to the method of Folin and Doisy (3). The creatinine 
for the standard, obtained from the Central Scientific Company, 
was tested for purity by recrystallization from alcohol and com- 
parison of the recrystallized and original substances in the colorim- 
eter. No difference was observed. 

The results of the analyses are given in Table II. 


Discussion of Results. 


We find no regular variation in the creatinine and creatine 
during menstruation. The average of all results for creatinine 
for the intermenstrual period is 1.25 mg., while for the men- 
strual period the average is 1.35 mg., an increase of only 7.4 per 
cent. For the creatine, we find an average of 3.24 mg. during 
the intermenstrual period and of 3.16 mg. during menstruation, 
which is a decrease of 2.5 per cent. 

Of the fifteen individual cases with both menstrual and inter- 
menstrual observations, nine show higher creatinine during the 
menstrual period, five lower, and one no difference. The greatest 
difference amounts to 0.58 mg. For creatine, seven show lower 
figures during menstruation and eight higher. 

Thus, while the figures seem to show an occasional tendency 
toward increased creatinine and decreased creatine during men- 
struation, the proportion of the cases showing this tendency is 
not high enough to justify any definite conclusion. It is safer to 
conclude that the variation is not regular and is no greater than 
expected from day to day. 

It is of interest to compare our figures seh those of other 
investigators, summarized in Table I. Our ranges for creatinine, 
0.96 to 1.65 mg., and for creatine, 2.23 to 4.65 mg., are within 
the limits of other investigators. All but five of our creatinine 
results fall within the limits set by Hammett (4). Our creatine 
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results are lower than his. Thirteen out of thirty-seven of our 
figures are below his lower limit and none reaches his upper 
limit, 6.21 mg. 

Our results thus fail to substantiate the suggestion of Hunter 
and Campbell (1), that the creatinine appears in lower concen- 
tration in the blood of women than of men. 

Like Hunter and Campbell (1) we fail to find figures in agree- 
ment with work by Feigl (9) indicating an increase of creatinine 
with age. Feigl worked with a large group of people ranging in 
age from under 10 years up to 80 years. We have only a small 
number falling in any of the three decades represented, and it is 
impossible to draw any definite conclusion that there is a greater 
concentration with increased age. 


Influence of Sugar Diet on Creatinine and Creatine Determination. 


We also had as a secondary problem the influence of sugar on 
blood creatinine and creatine. We made analyses on the blood 
of ten women on a normal diet, usually from 1 to 2 hoursaftera 
meal, and, again on a different day, 1 hour after the subject had 
eaten 70 gm. of sugar. Table IIT shows the comparative results. 


TABLE III. 
Results on High Sugar Diet per 100 Cc. of Blood. 


Preformed creatinine. Creatine as creatinine. 
Subject. Age. wot eee 
Low sugar. | High sugar. Low sugar. | High sugar. 
yrs mg. mg. mg. mg 
1B is Mia eee 24 1.10 1.41 3.30 4.25 
Ms (Oar 33 1.39 1.59 3.35 3.67 
Hele Se. Ma 22 1.36 zi 2.23 3.40 
PAWN se 8 oa oes. 28 1.18 1.57 3.20 
IDE ER, Eee a ae 36 1.01 1.28 4.52 3.80 
Dy. echo e542 37 27 1.54 2.80 2.78 
Ves: 20 The itee 1.49 4.65 4.55 
Wir Sts 26 1.10 133! 2.80 2.40 
1 igual D aera ei 22 1.48 1.56 3.81 on tz 
HO AGS Shi Suess 22 1.03 1.10 3.45 4.36 
IAN CT APCs piesa Avs sie oes i ail 1.41 3.41 3.66 


* High sugar taken on 2nd day of menstruation. 
=F “ cc ce “ 1st 74 “ec << 
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Discussion of Table ITI. 


On the high sugar, with one exception, the creatinine was 
higher than without sugar. The greatest increase is 0.39 mg., 
and the least 0.07 mg. The average for all shows 1.21 mg. of 
creatinine on the normal diet and 1.41 mg. on the high sugar; 
an increase of 0.20 mg. or 17 per cent. 

The creatine readings were not so noticeably influenced, prob- 
ably because the possible increase due to glucose was masked by 
the usual day by day variation. The average without the sugar 
was 3.41 mg. and with the sugar was 3.66 mg. 


SUMMARY AND CONCLUSIONS. 


1. Observations were made on the creatinine and creatine of 
the blood of twenty-four normal women, fifteen of them being 
observed during both intermenstrual and menstrual periods. 

2. No regular variation was found during menstruation for 
either creatinine or creatine. 

3. In nine cases there was a slight creatinine increase during 
* menstruation and in five a decrease. On the other hand, seven 
cases showed lower creatine during menstruation and eight 
higher, 

4, The range for creatinine in the different subjects was from 
0.96 to 1.65 mg. per 100 cc. The average content was found to- 
be 1.30 mg. This falls within the range observed by other 
investigators, chiefly on men, and fails to substantiate the sugges- 
tion that blood creatinine is lower in women. 

5. The range for creatine concentration is from 2.23 to 4. 65. 
mg. per 100 cc., which is slightly lower than the range observed 
by other investigators. 

_ 6. No relation was observed between the age of the subject 
and increased creatinine. 

7. The accuracy of creatinine determinations may be affected 
by high sugar diet, through the additional development of color 
by glucose. 


The authors wish to thank Dr. Katharine Blunt for her helpful 
suggestions and her untiring assistance, and other members of 
the department for their interest in this work and their coopera- 
tion in acting as subjects. 
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STUDIES OF THE DISTRIBUTION OF CARBON DIOXIDE 
BETWEEN CELLS AND PLASMA.* 


- By L. W. SMITH, J. H. MEANS, anp M. N. WOODWELL. 
(From the Medical Service of the Massachusetts General Hospital, Boston.) 


(Received for publication, November 9, 1920.) 


The manner in which COQ, is transported from the tissues to 
the lungs by the blood has recently been the subject of consider- 
able discussion (1-3). To throw further light on this sufficiently 
fundamental problem we have undertaken a study of the distri- 
bution of CO, between the cells and the plasma of arterial and 
venous blood both in normal individuals, and in various patho- 
logic states. 


Methods. 


Samples of blood were drawn from the arm vein or artery 
(without stasis), under oil, and analyses were made of the CO2 
content both of the whole blood and, after centrifugation, of the 
plasma, by the method and with the apparatus of Henderson 
(4, 5). The blood was prevented from clotting by the addition 
of a few dry potassium oxalate crystals. All the analyses were 
made in duplicate. 

At the same time the proportion of cells to plasma in each 
sample was determined by means of the hematocrit, and the rela- 
tive amounts of CO, in the cells and in the plasma of a unit of 
blood were calculated therefrom. For example if the CO, con- 
tent of a sample of whole blood is 50 volumes per cent and if 
that of the plasma of the same sample is 62 volumes per cent 


* This paper is Study No. 7 in a series of studies of the physiology and 
pathology of the blood from the Harvard Medical School and allied hospi- 
tals. The expenses were in part defrayed by the Proctor Fund. A pre- 
liminary report on this work was read at the Annual Meeting of the 
American Society for Clinical Investigation, Atlantic City, New Jersey, 
May 3, 1920. 
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and if the hematocrit shows that the proportion of cells to plasma 
in that sample is as 40 : 60, then in 100 volumes of whole blood 
37.2 volumes will be contained in the plasma thus 
60 
i00 KOZ oie 
and 12.8 volumes will be contained in the cells thus 
50 — 37.2 = 12.8. : 
All the hematocrit observations were made in duplicate. 


Findings in Normal Persons. 


We first made a study of the distribution of CO. between the 
cells and plasma of normal venous blood.. The average results 
are shown in Table I. The average CO content of eighteen 


TABLE I. 
Average Figures for Venous Blood. 


co 
Series. whole Da Oe eae 
plasma. | a unitof | unit of 

blood. blood. blood. 


vol. per vol. per vol. per vol. per 
cent cent cent cent 


Normal. 18 bloods from 13 subjects. 


Nias) ayo peo at Tass agin de 62 64 40.8 26.1 

FAV GT AP CIS Pye. sccyoe aie saercurou axe che ia ene 57 61 36 21 

1 CE Sit 1 117 eg ene ee Ee 53 58 32.5 15.4 
Anemia. 14 bloods from 14 patients. 

PaaS ie Sle tnee oe ote eee 64 66 60.0 10 - 

Average ele 92s di bet. seh fee eee 58 60 53 5 

TAMARA, Sechcte 4 a preetebiceet aed eee 48 48 42.2 1.4 


samples of venous blood from thirteen normal persons was 57 
volumes of CO. per 100 volumes of whole blood and, of these 57 
volumes of CO., 36 volumes were in the plasma and 21 in the 
cells. 

We next made a study of the differences in CO, distribution in 
arterial and venous blood. For this purpose samples of blood 
were drawn within a few minutes of each other from the arm 
vein and the radial artery. The results of these observations are 
given in Table II. 
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The average CO, content of eight normal arterial whole bloods 
was 50.4 volumes per cent and of the venous 58.7 volumes per 
cent. The parallel findings on the plasma were arterial 61.0 
‘and venous 62.5 volumes per cent. These findings are similar 
to those in the literature. Thus Harrop (6) in ten persons with 
normal hearts and lungs found an average of 49.7 volumes per 
cent of CO, in the arterial and 54.7 volumes per cent in the venous 
blood. Peters and Barr (7) in three normal subjects found an 
average of 50.5 volumes per cent in the arterial and 59.1 volumes 
per cent in the venous whole blood. Our normal venous-arterial 
whole blood difference thus was 8.3, Harrop’s 5.0, and that of 
Peters and Barr 8.6 volumes per cent. 

A series of arterial and venous plasma CO. contents has been 
published by Stadie and Van Slyke (8). The average figures for 
thirty-one samples from twenty-one patients! were arterial 
plasma 60.4 and venous plasma 63.6 volumes per cent. These 
observations were chiefly on pneumonia patients with arterial 
anoxemia of varying grades, but some were on normal persons. 
Even so their figures are quite like our normal plasma figures, 
though their venous-arterial plasma difference is 3.2 volumes 
per cent as against ours of 1.5 volumes per cent. It is not shown 
in their table which are the normal subjects, but if we take those 
who had an arterial oxygen unsaturation of less than 8 volumes 
per cent we find the average venous plasma CO, content to be 
67.0 and the arterial 63.5 volumes per cent making the venous- 
arterial plasma difference 3.5 volumes per cent. 

When on the basis of the hematocrit observations we study the 
distribution of the CO, content of arterial and venous whole blood 
between the cells and the plasma, we get the interesting averages 
of 35.8 volumes of CO, in the plasma of 100 volumes of arterial 
blood, and 36.5 volumes in that of venous blood. At the same 
time the cells of 100 volumes of arterial blood contain on an 
average 14.6 volumes of CO, while those of venous blood contain 
22.2 volumes. 

In other words as blood passes from artery to vein, it gains on 
an average 8.3 volumes per cent of COs, but of this less than 1 
volume per cent, 0.7 volume per cent to be exact, is gained by 


‘In these averages we have taken from their table only cases in which 
arterial and venous determinations were made. 
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the plasma while 7.6 volumes per cent are gained by the cells. The 
minimum and maximum figures on this same series show that the 
plasma gains as it becomes venous from 0.0 to 1.8 volumes per 
100 volumes of whole blood, while the cells gain from 4.2 to 10.4 
volumes. The obvious conclusion from these figures is that the 
transport of CO: is accomplished mainly by the cells. 


Findings in Disease. 


When we turn to the findings in anemia we meet with much the 
same thing. In a series of fourteen venous bloods from as many 
patients with anemia (Table I) the average CO. content of the 
whole blood was 58 volumes per cent which is essentially the same 
as that of the normal series. As one might suppose, of this 58 
volumes per cent relatively more is in the plasma, 53 volumes 
per cent, and less in the cells, 5 volumes per cent, than in the case 
of the normal subjects. This altered distribution appears to be 
merely the result of the reduction in the number of cells in anemia. 

When we come to compare arterial and venous samples in 
anemia (Table II), we find that here as in health it is the cells 
that are chiefly concerned in CO; transport. When we calculate 
the quantity of CO. carried in the plasma of arterial blood we 
get an average figure of 49.2 and for venous blood 49.8 volumes 
per cent. The cells of arterial blood, however, contain an aver- 
age of 1.8 and those of venous blood 5.2 volumes per cent. As 
the blood passes from artery to vein, therefore, it gains an aver- 
age of 4 volumes per cent, but of this only 0.6 volume per cent 
is gained by the plasma, while 3.3 volumes per cent, or more than 
five times as much, are gained by the cells. In anemia then, as in 
health, the conclusion may be drawn that the cells are more 
important in CO, transport than is the plasma. 

In Table II observations on four patients with other diseases 
are shown. In Mr. F. with lobar pneumonia, and Mr. P. with 
cardiorenal disease, all factors and relationships are essentially 
like those of the normal series. Mr. Cy. with leucemia, and Mr. 
Cd. with polycythemia vera, on the other hand, both present a 
marked increase in the CO. content of their whole blood. A 
study of the distribution shows that in the former the amount in 
the cells is normal but the amount in the plasma increased, while 
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Fig. i. Showing the distribution of CO: between cells and plasma in 
health and disease. 

The entire column represents 100 cc. of blood. The portion above the 
horizontal interrupted line represents cells, that below, plasma, in accord- 
ance with the hematocrit findings. The upper shaded area shows the vol- 
ume of CO: actually contained in the cells, and the lower shaded area that 
contained in the plasma of the given blood. Scales are provided so that 
these volumes may be read either from the top or bottom. The lightly 
shaded portions are for arterial, the heavily shaded, for venous blood. 

Column A shows the relationships found in an average of eight normal 
bloods; Column B those of an average of four anemia bloods; Column C 
shows those of a patient with polycythemia vera; and Column D those of 
a patient with lymphatic leucemia. 

It will be noted that in all four sets of columns the gain in CO as blood 
passes from the arterial to the venous phase, is confined largely to the 
cells. 

The difference in distribution of CO, between cells and plasma seems 
except in Column D to be dependent upon the relative amounts of cells 
and plasma in the several conditions. Anemic patients with a small pro- 
portion of cells carry less CO, in cells than normal persons and conversely 
the polycythemic patient carries more. In the leucemic patient (Column 
D), there is an actually greater quantity of CO, in the plasma which is 
not explainable on the ratio of cells to plasma. 
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in the latter the increase is in the load of the cells, the plasma load 
being normal. The increased amount in the cells in polycythemia 
is the converse of the condition in anemia and is therefore quite 
understandable. The cause for the increased amount of COs, in 
the plasma in the leucemia patient is less obvious. In both these 
patients in spite of the alteration in the distribution, the trans- 
port of CO, as in the other conditions studied is effected chiefly 
by the cells. . 
These relationships are shown graphically in Fig. 1. 


DISCUSSION. 


We do not propose to enter into an elaborate discussion of why 
the cells take a greater part in CO, transport than does plasma, 
nor of the actual method of its transport within the cells, whether 
as inorganic bicarbonate or in actual combination with hemo- 
globin as hemoglobin bicarbonate. Our purpose at the present 
time is merely to record certain phenomena as we found them. 

It will not be out of place, however, to call attention to the 
greater and greater importance that, in the recent literature 
(1-3, 9), is being assigned to the réle of hemoglobin in the matter 
of neutrality regulation and gas transport. It seems to be 
reasonably well established that hemoglobin is as important in 
the transport of CO, as it is in that of oxygen. Furthermore the 
recent work of Haggard and Henderson (10) seems to show that 
the corpuscles also regulate the bicarbonate reserve of the 
plasma. 

Our findings, then, that both in health and disease the cells 
are chiefly concerned in CO, transport are not surprising. Our 
studies were on the actual relationships as they exist in vivo, but 
our results nevertheless seem to be essentially in agreement with 
those obtained with defibrinated blood in vitro by Joffe and 
Poulton (9). These writers found that the effect of oxygenation 
is to cause a loss of CO, which is more than twice as great for the 
corpuscles as for the plasma, and they draw the same conclusion, 
as do we, that “the transport of CO, in the blood is chiefly carried 
out by the corpuscles.”’ 
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CONCLUSIONS. 


1. As the blood passes from the arterial.to the venous side of 
the circulation in normal man its cells gain from 4 to 11 volumes: 
per. cent of CO.. At the same time the corresponding gain in 
the plasma is only from 0.0 to 1.8 volumes per cent. The con- 
clusion is drawn, therefore, that the transport of CO. is accom- 
plished mainly by the cells. 

2. The same holds true in anemia and in certain other diseases, 
even though because of alterations in the cell volume: plasma 
volume ratio the actual distribution of CO, between cells and 
plasma is altered. 
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RELATIONSHIP BETWEEN CHOLESTEROL AND CHO- 
LESTEROL ESTERS IN THE BLOOD DURING 
THEIR ABSORPTION.* 


By ARTHUR KNUDSON. 


(From the Laboratory of Biological Chemistry, Medical Department of Union 
University, Albany Medical College, Albany.) 


(Received for publication, November 1, 1920.) 


In a previous paper (1) it was shown that during the absorption 
of a neutral fat (olive oil) there is a marked increase in the blood 
of the cholesterol esters but no increase in the total cholesterol. 
Following the same experimental technique it was thought that 
it would be advisable to determine the relationship between the 
total cholesterol and the cholesterol esters in the blood during the 
absorption of free cholesterol and of cholesterol esters respectively. 

That cholesterol is absorbed from the food and that the absorp- 
tion is followed by a rise in the blood cholesterol is considered as 
established. 


The first work of any significance was reported by Pribram (2) in 1906 
who found that by the feeding of pure cholesterol and cholesterol esters 
respectively an increase in the blood of rabbits resulted. The increase 
was in part at least due to free cholesterol, as the serum from such animals 
showed an increased inhibitory power toward the hemolytic action of 
saponin, the free cholesterol alone being active as an inhibitory agent. 
Kusumoto (3) also showed indirectly that cholesterol must be absorbed 
as he found that 30 per cent of the amount ingested failed of excretion 
through the intestine. Gardner and his coworkers (4) in extensive studies 
on the origin and destiny of cholesterol in the animal organism came to 
the conclusion that cholesterol and cholesterol esters are absorbed into the 
blood, that the cholesterol esters are hydrolyzed before absorption, and 
that there results an increase in both free cholesterol and cholesterol 
esters in the blood after feeding cholesterol. Lehman (5) found that feed- 
ing cholesterol to rabbits results in an increase of the cholesterol in the 
blood in a few hours. In a series of experiments on dogs with a fistula in 


* This investigation was supported in part by a grant from the Eliza- 
beth Thompson Science Fund. 
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the thoracic duct Mueller (6) found that cholesterol was readily absorbed 
in the chyle. When cholesterol was fed either in the free form or in the 
form of esters there resulted an increase in both of these in the chyle, the 
proportion between the two remaining approximately the same as nor- 
mally. These results indicated that either in the intestine or in the walls 
of the intestine processes of esterifications or hydrolysis take place depend- 
ing upon the character of the material fed. 


In the present investigation dogs were given a diet containing 
pure cholesterol or esters of cholesterol and blood specimens taken 
at once and at 2 hour intervals for 8 hours. Previous to the 
experiment the dogs were fasted for 24 hours. The blood speci- 
- mens were drawn from the jugular vein into a hypodermic syringe 
(containing a little sodium citrate) and run at once into a centri- 
fuge tube containing a little citrate. -3 cc. of the whole blood 
were then extracted and made up to 100 cc. volume according 
to Bloor’s procedure (7). Then the tube was centrifuged for 30 
minutes at 2,000 revolutions per minute and relative volume of 
corpuscles and plasma noted. 3 cc. of the plasma were then 
extracted as was the whole blood. 

Total cholesterol and cholesterol esters were determined on 
each specimen of whole blood and plasma. Cholesterol was 
determined by Bloor’s method (8) and cholesterol esters were 
determined by Bloor and Knudson’s method (9). 

Nine experiments were carried out, five of which were on diets 
containing free cholesterol and four on diets containing esters of 
cholesterol. In all the experiments, fat was excluded from the 
diet. A brief description of the experiments follows. 


Experiment 1.—Dog 4 was a healthy male weighing 11.3 kg. It was 
fed a diet consisting of 4 gm. of cholesterol, 30 gm. of cracker meal, and 
100 cc. of water at 9.10 a.m. At 9.15 a.m. the first specimen of blood was 
taken. After taking a 3 cc. sample for whole blood, the remainder was 
centrifuged and corpuscles were found to be 50.5 per cent. The plasma 
was clear and a3 cc. sample was taken for analysis. The other specimens 
were as follows. 


Specimen No. Time. . Corpuscle. Plasma. 


per cent 


2 11.20 a.m. 47.2 Clear. 
3 1.20 p.m. 46.2 . 
4 Seo) aes 45.0 rH 
5 eee 45.5 “s 


Experiment 2.—Dog 4 as above, weight 11.3 kg. Fed a diet containing 
4 gm. of cholesterol, 30 gm. of cracker meal, and 100 cc. of water at 8.40 
a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
ie 8.47 a.m. 48.5 Clear. 
2 1042 ae 48 .0 Slight turbidity. 
3 12.42 p.m. 45.3 « « 
4 2-50), 45.0 < € 
5 4.45 “ 45.0 oe « 


Experiment 3.—Dog 6 was a healthy male weighing 10.4 kg. Ted a diet 
containing 3 gm. of cholesterol, 25 gm. of bread, and 150 cc. of water at 
8.50 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
it 8.50 a.m. 38.0 Clear. 
2 1ORSOR 39.8 ay 
3 12.50 p.m. 36.0 “s 
4 S-OOR Me: 37.0 “¢ 
5 4.50) asf 36.8 “ 


Experiment 4.—Dog 8 was a healthy female weighing 8.5 kg. Fed a diet 
containing 3 gm. of cholesterol, 100 gm. of lean chopped beef, and 150 
ce. of water at 12 m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
1 12.10 p.m. 41.8 Clear. 
2 PRO) | 42.0 % 
3 AA OfeeS 41.9 . 
4 Gs 05m 41.5 se 
5 S205iee 42.1 ce 


Experiment 5.—Dog 8 as above, weight 9 kg. Fed a diet containing 2.5 © 
gm. of cholesterol, 100 gm. of lean chopped beef, and 200 ec. of water at 
11.25 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
1 11.30 a.m. 40.5 Clear. 
2 1.35 p.m. 42.5 Slight turbidity. 
3 SoU 40.4 Turbid. 
4 Foie 42.66 Slight turbidity. 
5 7.302 % 42.9 Turbid. 
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Experiment 6.—Dog 4 as above, weight 12.5 kg. Fed a diet containing 
2.5 gm. of cholesterol palmitate, 50 gm. of bread, and 150 ec. of water at 
8.40 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. ; Plasma. 
per cent 
1 8.45 a.m. 39.0 Clear. 
2 10250Re= 37.0 #: 
3 12.55 p.m. 35.1 «“ 
4 Pyeiat3) ; 37.0 as 
5 Ay 550 ee 36.0 “ 


Experiment 7.—Dog 6 as above, weight 10 kg. Fed a diet containing 
2.5 gm. of cholesterol oleate, 25 gm. of lean chopped beef, and 100 cc. of 
water at 8.50 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
1 9.00 a.m. 39.5 Clear. 
2 102500 36.0 Slight turbidity. 
3 12.50 p.m. 36.2 Clear. 
4 2:0) 37.3 Slight turbidity. 
5 4.50 36.6 e Fe 


Experiment 8.—Dog 8 as above, weight 9 kg. Fed a diet containing 
2.5 gm. of cholesterol stearate, 100 gm. of lean chopped beef, and 200 ce. 
of water at 11.20 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 


per cent 
il 11.30 a.m. 42.6 Clear. 
2 1.35 p.m. 40.6 Slight turbidity. 
3 Bat) 42.0 ee a 
4 Reade ee 42.3 Turbid. 
5 (asi0) 42.0 Slight turbidity. 


Experiment 9.—Dog 11 was a healthy female weighing 20.5 kg. Fed a 
diet containing 2.5 gm. of cholesterol palmitate, 25 gm. of sugar in 200 ee. 
of al per cent gum tragacanth solution at 9.55 a.m. Specimens as follows. 


Specimen No. Time. Corpuscle. Plasma. 
per cent 
1 10.05 a.m. 57.8 Clear. 
2 12.00 m. 57.4 se 
3 2.05 p.m. 57.0 Slight turbidity. 
-f A. OOF SV (acs: Clear. 
5 HOO 22 57.8 nt 
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TABLE I. 
Cholesterol and Cholesterol Esters During Their Absorption per 100 Cc. 


Total cholesterol. 


Corpus- 
cles. 


Cholesterol as esters. 


Whole 
blood. 


cles. 


Or 


Before. 


2 


4 
6 
8 


Before. 


2 


Comoran 


Before: 


iw) 


oOon 


Before. 


2 


4 
6 
8 


Before. 


2 


L 
6 
8 
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TABLE I—Concluded. 


Total cholesterol. Cholesterol as esters. 
No. of 
experi- Time. = 
ae Whole | Piasma. | Compu | Whole | Pisema. | Coppus 
hrs. mg. mg. mg. mg. mg. mg. 
7 Before. 172 177 165 fil 117 0 
2 179 185 170 72 114 -2.7. 
4 217 214 221 aor 116 +1.9 
6 205 208 201 73 115 +2.6 
8 183 194 164 70 111 —1.2 
8 Before. 193 192 194 77 136 —2.4 
2 211 208 215 77 132 -3.7 
4 231 22 237 * 80 188 0 
6 250 238 262. 79 132 +5.9 
8 250 234 271 83 140 +4.5 
9 Before. 185 181 188 62 145 +1.3 
2 209 208 213 64 152 —1 
4 221 221 221 66 147 +4.7 
6 260 268 255 66 147 +5.2 
8 | 236 238 235 60 140 +1.7 


The dogs used in these experiments were previously accustomed 
to handling, and did not struggle during the experiments or show 
other evidences of excitement, so those factors do not influence 
these results. 

The analytical results are given in Table I. Direct determina- 
tions were made only on the whole blood and plasma from which, 
since the percentage of corpuscles in the blood was known, the 
composition of the corpuscles was calculated. 


DISCUSSION. 


The total cholesterol is found to be increased in all the experi- 
ments both in feeding cholesterol and cholesterol esters. This 
result is in accord with the work of other investigators (2-6). 
The increase in the whole blood varies from 21.5 per cent in 
Experiment 6 to 53.5 per cent in Experiment 1 and averages 
32.3 per cent. The greatest increase occurs in most of the experi- 
ments either in the 6th or the 8th hour after feeding. Comparing 
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the increase of cholesterol in the plasma and corpuscles it is 
observed that the increase in the corpuscles is greater in seven of 
the nine experiments. 

The values for cholesterol esters show that the cholesterol in 
combined form remains the same throughout the periods of obser- 
vation. Even though the total cholesterol increases as much as 
50 per cent in the whole blood the amount of cholesterol as esters 
does not show any appreciable change. The values for cho- 
lesterol esters in the corpuscles indicate that the corpuscles prob- 
ably contain no combined cholesterol which bears out the assump- 
tion generally made. Of course it must be remembered that the 
values for cholesterol esters in the corpuscles are calculated from 
the amount of them in the whole blood and plasma and as a 
consequence are not so reliable as when determined directly. 
This will also explain why some values in the table are given in 
negative quantities. 

The results of these experiments indicate then that when 
cholesterol or cholesterol esters such as palmitate, oleate, or 
stearate are fed in a diet there results a marked increase in the 
total cholesterol in the blood but no change in the amount of 
cholesterol as esters. The cholesterol esters must as a conse- 
quence be hydrolyzed before absorption in the intestine and 
apparently are not synthesized again before passing into the 
blood. 

These results do not agree with the observations reported by 
Gardner and his coworkers (4) who found that when cholesterol 
was fed to rabbits there resulted an increase in the cholesterol 
esters as well as cholesterol. 


The experiments of Gardner were carried out by feeding a diet to which 
cholesterol was added and after several days killing the animal and ana- 
lyzing the blood. In these experiments it may be possible that the level 
for cholesterol in the tissues and blood was raised after feeding it for sev- 
eral days and as a result an equilibrium is established between free chol- 
esterol and cholesterol esters in the blood and tissue resulting in an increase 
of cholesterol esters as well as free cholesterol. Recently Hueck and 
Wacker (10) have reported that cholesterol fed to rabbits causes an increase 
in the esters in the blood. Their experiments were similar to those of 
Gardner and his coworkers but were carried over a longer period. They 
fed rabbits for a period of 181 days in one experiment and 126 days in 
another and in that time the rabbits had received 220 and 130 gm. of chol- 
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esterol respectively. Due to the large amount of cholesterol fed it would 
be expected that there would be an accumulation of cholesterol in the 
tissues and blood and the relation between the free and bound cholesterol 
would tend in time to be constant. In neither of these investigations was: 
the blood examined just before feeding of cholesterol diets and at short. 
intervals during the period of absorption so that the results are not com-- 
parable with mine. 


However, Mueller (6) found that there resulted an increase im 
both cholesterol and cholesterol esters in the chyle of dogs when 
either one was added to the diet. Mueller’s results might be 
partially explained by the fact that in the diets containing cho- 
lesterol or cholesterol esters fat was also present. I have shown 
in a previous paper (1) that during absorption of fat alone there 
results a marked increase of the cholesterol esters in the blood so 
that the fatty acids resulting from the hydrolysis of the fat in 
Mueller’s experiments are probably transported in part combined 
with the cholesterol. In all my experiments I excluded fat 
from the diets except very small amounts present in those experi- 
ments where I used some lean beef, bread, or cracker meal. By 
omitting the fat there was no excessive amount of fatty acid to: 
be transported by the blood. 


SUMMARY. 


A series of experiments carried out on dogs feeding them 
cholesterol and cholesterol esters, respectively, shows that free 
cholesterol is increased considerably in all the experiments during 
the absorption of the diets but that there is no apparent change 
in the amount of cholesterol in the ester form. 
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PENTOSE MONONUCLEOTIDES OF THE PANCREAS OF 
THE DOGFISH (SQUALUS SUCKLII). 


PRELIMINARY COMMUNICATION. 


By C. BERKELEY. 


(From the Marine Biological Station, Nanaimo, British Columbia.) 
(Received for publication, October 6, 1920.) 


Two mononucleotides in which a pentose, d-ribose, unites purine 
and phosphoric acid are known to occur in the animal body; 
guanylic acid and inosinic acid. The former contains guanine 
as purine base, the latter hypoxanthine. The corresponding 
compound with adenine has been shown to be one of the compo- 
nent mononucleotides of yeast nucleic acid by Jones and Kennedy 
(1) and by Levene (2); but it does not appear to have been found 
in the animal body. Guanylic acid, originally isolated by Ham- 
marsten (3) from the 6-nucleoprotein of the pancreas of the ox, 
has since been found widely distributed in mammalian glands 
(4, 5). Inosinie acid, first isolated by Liebig (6) from meat 
extract, is now known to be a constituent of the muscle of many 
mammals and of some birds and fishes (7). It has not, however, 
been identified as a gland constituent in any animal and the wide 
distribution of pentoses in animal tissues has generally been 
attributed to the presence of guanylic acid (8). 

It is the object of the present communication to record evidence 
pointing toward the occurrence of adenosinphosphoric acid and 
inosinie acid, in addition to a guanylic acid, in the pancreas of 
the dogfish. 

The essentials of Hammarsten’s method of preparation of 
8-nucleoprotein from ox pancreas are rapid extraction of the 
material with boiling water and precipitation from the cooled 
extract by dilute acid. The crude material may be purified by 
dissolving in dilute alkali and reprecipitating with dilute acid 
repeatedly and yields an alkali albuminate and guanylic acid 
on heating at water bath temperature with 2 per cent potash 
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(9). According to Bang the acid is precipitated on neutralizing 
the alkaline digest and cooling. He points out, however, that 
it is soluble in water to the extent of about 0.3 per cent, but only 
sparsely soluble in dilute acetic acid. Levene and Mandel (5), 
working with liver nucleoprotein, obtained precipitation by con- 
centrating the neutral solution strongly at low temperature, 
while Jones and Rowntree (4), utilizing material obtained from 
pigs’ spleen, find it necessary to add acetic acid to cause the 
guanylic acid to separate. 

Inosinic acid occurs either free or in readily broken Bice. com-. 
bination in the muscle tissues in which it has been found. There. 
is no evidence that it forms any protein combination. It is 
readily extracted in water and cannot be precipitated from the 
extract either by boiling or acidification. Several methods have 


TABLE I, 


BH eee Total pentose (xylose) 


Hzperment No. ~|——————— |) een 
Extract. Acetic acid filtrate. acid filtrate. 
per cent per cent per cent 
1 0.0226 0.0114 50.4 
2 0.0358 0.0217 60.6 


been described for its isolation which, together with a new one, 
are summarized by Bennett (7). All, except the original method 
of Liebig, depend upon precipitation of the acid either as the lead 
or the silver salt. In a recent communication (10) attention was 
drawn by the writer to the occurrence of a substance, or sub- 
stances, in boiling water extracts of various tissues of marine 
animals which yielded furfurol in relatively large quantity on 
heating with 12 per cent hydrochloric acid, and probably there- 
fore contains a pentose, and was not precipitated on adding acetic 
acid to the extract. 

The fraction of the furfurol-yielding substances in the extract 
which remained in solution after complete precipitation with 
acetic acid was by no means insignificant. The figures in Table 
I were, for instance, obtained from extracts of dogfish pancreas 
and the corresponding acetic acid filtrates. 
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Grund’s modification of the method of Tollens and Krébe for 
the determination of pentoses (11) was used and calculation made 
to xylose. It was necessary to concentrate the acetic acid filtrates 
in order to obtain a sufficiently large yield of furfurol from the 
prescribed volume of liquid. The samples taken for analysis 
were of such a volume that, after making up to 100 ec. with 
concentrated hydrochloric acid, the solutions contained the neces- 
sary 12 per cent of acid. 

Interest was first aroused in the presence of these acetic acid- 
soluble furfurol-yielding compounds from the point of view of 
its possibly indicating pentosans in the tissues of the animals 
examined. Pentosans are largely represented in the alge which, 
directly or indirectly, make up their diet; moreover it has been 
stated that such compounds occur in certain mollusks living on 
alge (12). It was found, however, that in all the cases examined 
the pentose compounds could be completely precipitated from 
the acetic acid solution by alcohol and that the precipitates thus 
obtained invariably contained both phosphoric acid and purine 
in conjugation, so that it seemed more probable that the pentose 
was present in nucleotide combination. 

The tissue selected for examination with a view to the more 
precise determination of the nature of the combination was the 
pancreas of the dogfish for two reasons; first, because it was the 
tissue richest in pentose of all those examined and, second, because 
the pancreas is the classical seat of guanylic acid in mammals 
and it seemed of special interest to determine whether the same 
compound occurs in the lower vertebrates of which the dogfish 
may be taken as a type. 


EXPERIMENTAL. 


The property of yielding furfurol, which is easily recognized 
by its reaction with aniline acetate, phloroglucin, orcinol, etc., 
on heating with 12 per cent hydrochloric acid, has been taken as 
evidence of the presence of combined pentose in the preparations 
under examination. The only other class of compounds which 
might have been’ present and which yield furfurol under the 
same conditions is the conjugated glucuronic acids. Practically 
all these compounds are, however, soluble in alcohol and ether 
(13) and the material used in this work was found to give up none 
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of its furfurol-yielding constituents by exhaustive extraction with 
both solvents. Starkenstein and Henze (12) consider that glucos- 
amine, which occurs in the tissues combined as glucoprotein, 
is responsible for the furfurol reactions with orcinol and phloro- 
glucin given by preparations from the livers of certain mollusks. 
It was found, however, that glucosamine chloride, prepared from 
crab shells, did not yield a trace of furfurol on heating with 12 
per cent hydrochloric acid and concluded, therefore, that com- 
pounds of this class might reasonably be excluded from consider- 
ation. Bial’s orcinol reagent was frequently used to detect 
pentose, but in every case where sufficient material was at hand 
to make comparisons possible it was found that a positive reaction 
with this reagent indicated a positive one on distilling with 12 
per cent hydrochloric acid, in accordance with the Tollens method 
for pentose determination, and testing the distillate with aniline 
acetate or phloroglucin. 

The test for purines has been carried out by the Kriiger-Schmid 
procedure (14) followed by production of the silver compounds by 
precipitation with ammoniacal silver nitrate from the solution’ 
obtained by hydrogen sulfide decomposition of the copper salts. 
Purines were freed from combination by boiling with 5 per cent 
sulfuric acid. Free phosphoric acid was detected by magnesia 
mixture and the conjugated acid by ammonium molybdate after 
boiling with nitric acid. 

The pancreas was excised from forty-nine freshly killed dogfish 
and freed as far as possible from adherent mesentery. The 
material weighed 495 gm. It was put through a mincer and 
immediately put into rapidly boiling water, boiled for 5 minutes 
and strained through close cloth, squeezed out, and extracted in 
the same way a second time. The residual material after this 
treatment gave only a trace of furfurol on distillation with 12 
per cent hydrochloric acid: The united extracts measured 2.25 
liters. After cooling, the liquid was decanted from solid material 
which had settled out and, after repeated filtration, was obtained 
in an only slightly turbid condition. 20 cc. of glacial acetic acid 
were added which produced a heavy precipitate. This was 
allowed to settle and left a perfectly clear fluid which was partly 
decanted and partly filtered off. 


C. Berkeley 267 


The precipitate was washed repeatedly by decantation with 
1 per cent acetic acid and finally put upon a filter. It gave a 
strong pentose reaction and contained conjugated phosphoric 
acid, purine, and protein. An attempt was made to purify the 
material by dissolving it in cold 1 per cent sodium hydroxide and 
reprecipitating with acetic acid. It was found that the pentose- 
containing substance could not be completely reprecipitated by 
dilute acid or by adding a considerable excess and that, after 
repeating the operation twice, only protein and a trace of phos- 
phoric acid could be detected in the precipitate, but no purine 
or pentose. The nucleoprotein was evidently split by treatment 
with alkali and the non-protein constituent remained in solution 
in acetic acid. 

The acetic acid filtrates were accordingly neutralized and con- 
centrated to small volume. The solution contained no protein 
and no free pentose, purine, or phosphoric acid. All were present 
in the conjugated condition. The solution was poured into a 
large volume of alcohol which produced. a voluminous precipitate 
giving all the reactions of the original material and containing 
all the combined pentose. The precipitate was dissolved in 100 
ec. of 5 per cent sulfuric acid and heated at water bath temperature 
for 24 hours. After cooling, the solution was neutralized and the 
purines were precipitated as cuprous compounds by the Kriiger- 
Schmid procedure (14). The precipitate was suspended in hot 
water, decomposed with hydrogen sulfide, and, after boiling off 
excess hydrogen sulfide, the liquid with copper sulfide in suspen- 
sion was boiled with sulfuric acid and filtered. The filtrate was 
neutralized with ammonia, 2 per cent excess added, and warmed. 
A precipitate. separated immediately. After digesting on the 
water bath for 1 hour and standing over night this was filtered 
off, washed with 1 per cent ammonia and water, and purified 
by dissolving in 1 per cent sodium hydroxide and reprecipitating 
with acetic acid. The material so obtained was further identified 
as guanine by the crystalline form of its hydrochloride and the 
melting point of the picrate prepared from it (159-160°C.). 

The ammoniacal filtrate from the guanine precipitation was 
treated with silver nitrate which produced a heavy precipitate. 
This was filtered off, washed, and decomposed with a small 
quantity of warm hydrochloric acid. The filtrate from silver 
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chloride gave no trace of precipitate on making 2 per cent 
ammoniacal and warming. (Guanine was therefore absent. The 
solution was boiled till free from ammonia, made just acid with 
hydrochloric acid, and excess of a saturated solution of picric 
acid added. A characteristic light yellow precipitate of adenine 
picrate immediately separated which was filtered off, washed, 
recrystallized from boiling water, and further characterized as 
adenine picrate by its crystalline form and melting point (180- 
181°C.). : 

The filtrate from adenine picrate was freed from picric acid 
by means of sulfuric acid and ether, made ammoniacal, and tested 
with silver nitrate. Absence of precipitate indicated that the 
solution contained no further purines. 

The precipitate produced by acetic-acid from the boiling water 
extract of dogfish pancreas contains therefore, in addition to 
protein, pentose, and conjugated phosphoric acid, guanine and 
adenine as purine bases. 

The acetic acid filtrate from this precipitate was neutralized 
and evaporated to 470 cc. at 60-70°C. It was cooled at this 
stage and filtered from a small amount of coagulated material. 
It contained conjugated purine, pentose, and phosphoric acid, 
but only a trace of phosphoric acid in the free condition. 1 per 
cent of acetic acid was added and the liquid allowed to stand 
over night. No precipitate was formed. It was further con- 
centrated to 100 cc. and again treated with acetic acid, but still 
without result even after prolonged standing. Guanylic acid 
similar to that isolated from mammalian material does not, there- 
fore, appear to be present. The solution was poured into a large 
volume of alcohol which produced a heavy gelatinous precipitate 
which gave a slight biuret reaction, but no xanthoproteic, and 
did not react with Millon’s reagent. It contained conjugated 
phosphoric acid, purine, and all the combined pentose present 
in the original solution, but none of the compounds in a free 
condition. 

In order to break down any protein combination present the 
material was dissolved in 100 cc. of 2 per cent caustic potash and 
heated on the water bath for 3 hour. The solution thus obtained 
was cooled, acidified with acetic acid, and allowed to stand for 
18 hours. No precipitation took place. The solution was neu- 
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tralized and treated with saturated barium hydroxide until pre- 
cipitation was complete to remove any free phosphoric acid or 
protein decomposition products present. The precipitate was 
filtered off and washed. The filtrate gave no biuret reaction. 
It was neutralized with acetic acid and treated with basic lead 
acetate solution until precipitation was just complete. The 
lead precipitate was thoroughly washed, suspended in water, and 
decomposed with hydrogen sulfide, excess hydrogen sulfide 
removed by an air current, and excess barium carbonate added. 
After boiling, the lead sulfide and barium carbonate were filtered 
off and the filtrate was evaporated to a small volume at as low 
a temperature as possible on a water bath. It was then poured 
into five volumes of alcohol which produced a bulky gelatinous 
precipitate containing all the pentose. This was filtered off with 
suction, dried at room temperature, and dissolved in hot water. 
On cooling, the solution deposited a white powdery substance 
which increased on standing over sulfuric acid in an exhausted 
desiccator for some days, but no definite crystalline form could 
be made out even after recrystallizing. After slow evaporation 
of the solution nearly to dryness this material was filtered off, 
washed with alcohol and ether, and dried. It gave positive tests 
for pentose, purine, conjugated phosphoric acid, and barium. 
It was redissolved in water, the barium removed with sulfuric 
acid, and the acid strength made up to 5 per cent. After heating 
the solution on a water bath for 3 hours it was neutralized and 
the same procedure followed for the separation of the purines 
as in the case of the acetic acid precipitate from the original 
extract. No guanine could be detected and only a small quantity 
of adenine, but the filtrate from adenine picrate gave a precipitate 
with ammoniacal silver nitrate indicating the presence of further 
purine compounds. The silver nitrate precipitate was accordingly 
decomposed with hydrochloric acid and the solution of chlorides 
thus obtained evaporated cautiously to dryness, moistened, and 
evaporated a second time. The residue gave no xanthine reaction 
with nitric acid and soda and was completely soluble in warm 
water. Xanthine was therefore not present. The copper pre- 
cipitation was repeated and the residue obtained by evaporation 
of the solution resulting from hydrogen sulfide decomposition 
of the precipitate crystallized from 6 per cent nitric acid. Char- 
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acteristic whetstone-shaped crystals of hypoxanthine nitrate were 
thus obtained. 

The filtrate from the acetic acid precipitation of the boiling 
water extract of the dogfish pancreas is thus shown to contain 
hypoxanthine and adenine as purine bases as well as conjugated 
phosphoric acid and pentose. . 

It seemed possible to interpret the results thus far obtained 
on the assumption that only ordinary a-nucleoprotein (the com- 
pound of protein with nucleic acid of the thymus nucleic acid 
type) and ordinary 6-nucleoprotein (the compound with guanylic 
acid) were in question and that: 

1. a-nucleoprotein had been extracted from the pancreas 
together with 6-nucleoprotein and the adenine in the acetic acid 
precipitate was due to nucleic acid, the pentose being combined 
only with guanine. 

2. Nucleic acid had been broken down by enzyme action leading 
to the production of adenine hexose nucleotide or nucleoside and 
a corresponding hypoxanthine compound, and both of these had 
remained in solution after treatment of the extract with acetic 
acid. Since, however, both combined guanine and free pentose 
are absent from the acetic acid solution the combined pentose 
present would in this case have to be attributed to the pentose- 
phosphoric acid compound split off from guanylic acid. 

The first ‘possibility seemed unlikely because the essence of 
the method of separation of a- and 6-nucleoproteins is the insolu- 
bility of the former in boiling water;! the second because of the 
expeditiousness with which the tissues had been brought into 
boiling water. Moreover, the assumption made in this latter 
case to account for the presence of pentose necessitates a splitting. 
off of free guanine from guanylic acid. However, no free purine 
was found either in the original acetic acid precipitate or in the 
filtrate from that precipitate, and there seemed no reason to 
anticipate that either boiling with water or the action of cold 
dilute acetic acid could have caused such a split. 


1The only difference in the procedure used here and that usually de- 
scribed for extracting 6-nucleoprotein from tissues is that the material 
has been placed directly in boiling water, in order to eliminate risk of 
enzyme action during extraction, instead of putting it into cold water 
and raising to the boiling point. 
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Jones (15) has shown in the case of the pig that the splitting 
off of guanine from guanylic acid is not brought about under 
normal conditions by pancreatic enzymes. Thus both purely 
chemical and (as far as it is justifiable to argue from the pig to 
the dogfish) biochemical considerations indicate that the presence 
of combined pentose in the acetic acid filtrate of the extract of 
dogfish pancreas cannot be attributed to breakdown of guanylic 
acid with the elimination of guanine. 

The entire absence of xanthine from both the precipitates and 
filtrates obtained from the extract also argues against any enzyme 
action having intervened in the course of the operations if analogy 
is justifiable between ferment conditions in the pancreas of the 
dogfish and that of the pig, since, in the latter case, xanthine is 
invariably a product of autolysis (15). 

There seems, therefore, no alternative but that the pentose 
in the acetic acid filtrate is combined with preformed adenine or 
hypoxanthine, or both. 

It seemed probable that if more material were taken at the 
outset it might be possible to separate the compounds of guanine, 
adenine, and hypoxanthine more completely and thus determine 
with greater certainty with which of the purines the pentose was 
combined. 

To this end the pancreas was excised from 140 dogfish and the 
material, which weighed 921 gm., ground, and extracted with 
boiling water as in the previous instance, and the extract cooled 
and filtered. About 5 liters of extract were obtained which were 
concentrated at a low temperature to 1,500 cc. During con- 
centration a small amount of suspended material coagulated and 
was filtered off after cooling. The filtrate was only very slightly 
turbid. 30 cc. of glacial acetic acid were added and the pre- 
cipitate produced was separated and washed as before. The 
precipitate behaved as in the previous instance on endeavoring 
to purify it by alternate treatments with alkali and acetic acid 
and the non-protein constituents were obtained in solution in 
acetic acid. 

This solution was neutralized and a saturated solution of normal 
lead acetate added until precipitation was complete. The lead 
salt was converted into the barium salt in the manner previously 
described. The barium salt was crystalline and difficultly soluble 
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in water. It contained conjugated pentose, purine, and phos- 
phoric acid. It was freed from barium, hydrolyzed with 5 per 
cent sulfuric acid, and the purines present were determined as 
before. Guanine and adenine were found in about equal quan- 
tities but no xanthine or hypoxanthine. 

The filtrate from the norma] lead acetate precipitate was treated 
with basic lead acetate and a further precipitate obtained. This 
was converted into the barium salt as before. It had the same 
appearance and gave the same reaction as that obtained from 
the normal lead acetate precipitate and contained the same purine 
bases; adenine was, however, present in larger quantity than 
guanine. 

The filtrate from the basic lead acetate precipitate, after 
removal of lead, gave no pentose reaction and was not further 
examined. 

The purine constituents of the acetic acid precipitate are thus 
shown to be guanine and adenine as in the experiment previously 
described. 

The filtrate from the acetic acid precipitation of the extract 
was neutralized and a saturated solution of barium hydroxide 
added until precipitation was complete. The precipitate thus 
obtained contained the pentose nucleotide constituents. It was 
decomposed with sulfuric acid, hydrolyzed as in the previous 
instances, and the purines present were determined. Again 
adenine and guanine, but no xanthine or hypoxanthine, were 
found. The fact that barium hydroxide carries down compounds 
of the same constituents as occur in the acetic acid precipitate 
from the filtrate from that precipitation was overlooked in the 
experiment previously described. 

The filtrate from barium hydroxide precipitation still gave a 
strong pentose reaction. After neutralizing with acetic acid it 
failed to give a precipitate with normal lead acetate, but gave 
a heavy one on treatment with the basic salt. The filtrate from 
this precipitation was free from pentose nucleotide constituents. 
The lead salts obtained were converted into the barium salts 
which were finally crystallized from hot water. It was found 
possible to separate the material in this way into two fractions 
having a marked difference in solubility in water, but both giving 
all the reactions for pentose nucleotides and barium. The more 
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soluble fraction was the larger one. After removal of barium 
and hydrolysis with 5 per cent sulfuric acid it gave no reaction 
for guanine, but a heavy precipitate of adenine picrate. The 
filtrate from the picrate precipitation, after removal of excess 
picric acid by sulfuric acid and ether, gave a slight precipitate 
with ammoniacal silver nitrate which, after washing and dissolv- 
ing in boiling nitric acid of 1.1 specific gravity, deposited on cool- 
ing characteristic crystals of hypoxanthine silver nitrate. The 
compound was further identified by removing the silver and crys- 
tallizing out typical whetstone-shaped crystals of hypoxanthine 
nitrate which gave no trace of xanthine reaction with nitric acid 
and caustic soda. The filtrate from hypoxanthine silver nitrate 
deposited a trace of red-brown precipitate on being rendered 
ammoniacal which, after removal of silver and evaporation of 
the solution of nitrate obtained, deposited a very slight residue 
giving a characteristic xanthine reaction. 

The less soluble fraction of the barium salts was treated in the 
same way as the more soluble one. It contained neither guanine 
nor adenine, but only hypoxanthine and a trace of xanthine as 
purine constituents. 

The filtrate from barium hydroxide precipitation of the acetic 
acid filtrate from the original extract contains, therefore, both 
adenine and hypoxanthine and a trace of xanthine in addition to 
conjugated phosphoric acid and pentose. 

The results obtained from this experiment thus confirm the 
conclusion reached from the former one. For the reasons ad- 
vanced in connection with that experiment coupled with the fact 
that, in the case just described, adenine is found with only a 
trace of hypoxanthine in one fraction of the barium salts obtained 
from the acetic acid filtrate of the extract, and hypoxanthine 
with practically no other base in the other fraction, it appears 
further that both adenine and hypoxanthine are present in 
mononucleotide combination. 

The occurrence of the adenine compound in the acetic acid 
precipitate of the extract in both experiments indicates that this 
compound is present in the tissue in nucleoprotein combination. 
There is, however, no evidence that inosinic acid is similarly 
combined since hypoxanthine has not been found in the acetic 
acid precipitate. 
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Levene (2) has shown that adenosinphosphoric acid is best 
identified as the free acid obtained through the ammonium salt. 
It is hoped to accumulate sufficient of the more soluble fraction 
of the barium salt prepared as described to make identification 
along these lines possible. 

Inosinphosphoric acid (inosinic acid) is usually identified as 
the barium salt. This is, according to Bennett (7), readily soluble 
in warm water, differing in this respect from the fraction of barium 
salts obtained as above described containing hypoxanthine as 
purine constituent. The compound obtained may be the basic 
salt. Haiser (16) has described such a sparingly soluble com- 
pound derived from inosinic acid by the action of excess barium 
hydroxide. This point also can be elucidated only on the accumu- 
lation of more material. i 


CONCLUSIONS. 


Evidence has been advanced indicating that: 

1. The 8-nucleoprotein of the pancreas of the dogfish contains 
both adenine and guanine in pentose mononucleotide combination. 

2. This 8-nucleoprotein is readily broken down to its constituent 
mononucleotides and protein by the action of cold 1 per cent 
sodium hydroxide. 

3. The mononucleotides thus obtained are not precipitated 
from either neutral or acetic acid solution. The guanine mono- 
nucleotide differs in this respect from the guanylic acid previously 
isolated from mammalian material. 

4. The acetic acid filtrate from 6-nucleoprotein precipitation 
contains the mononucleotides of the $-nucleoprotein in solution 
together with inosinic acid. 


Addendum.—Since the foregoing paper was written a communication 
has appeared by Hammarsten? which bears directly on the findings re- 
corded and has drawn the writer’s attention to earlier papers by Feulgen* 
which also have an important bearing on the subject. Both these authors 
have found adenine as well as guanine in 8-nucleoprotein prepared from the 
pancreas of the ox by the Hammarsten method. Feulgen, by enzymic 
decomposition of the 6-nucleoprotein has isolated a compound of guanylic 


? Hammarsten, E., J. Biol. Chem., 1920, xliii, 243. 
3 Feulgen, R., Z. physiol. Chem., 1914, xci, 165; 1919, evii, 147. 
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acid with nucleic acid and Hammarsten has isolated the same, or a very 
similar, body by direct extraction of the dried gland with cold dilute alkali 
and precipitation with acid. The latter author has also found about one- 
third as much adenine as guanine in #-nucleoprotein by acid hydrolysis 
followed by precipitation of the purines as silver salts and fractionation 
by the method of Steudel, and, since these bases are shown to be present 
in about the same ratio in the conjugated nucleic acid isolated by direct 
extraction of the pancreas, the implication appears to be made that £- 
nucleoprotein may be a body of similar constitution. Both authors regard 
the adenine found as part of the nucleic acid (tetranucleotide) component 
of the conjugated nucleic acid. 

It is possible that the adenine found in the acetic acid precipitate (@- 
nucleoprotein) from the extract of the pancreas of the dogfish is due toa 
conjugated nucleic acid such as has been described by these authors. 
The presence of such a compound in the extract would not, however, 
affect the conclusion which has been drawn as to the pentose nucleotide 
combination of the adenine found in the filtrate after precipitation by 
acetic acid and by barium hydroxide. 
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Practically all recent investigators who have fed mixtures of 
purified food products to small animals have either assumed or 
concluded from their experiments that lard is devoid of fat-soluble 
vitamine.! In fact the importance of the latter factor was dis- 
covered because of the nutritive failure of rats that were being 
fed on diets in which lard furnished the sole fat therein.?»? The 
results reported by numerous investigators have, however, differed 
in respect to the effect of such diets on young rats. While some, 
like ourselves, have described their animals as usually growing 
at a nearly, or quite, normal rate for periods of 60 to 80 days 
before showing signs of a nutritive deficiency in the diet, others 
have secured little if any growth under apparently similar con- 
ditions. All, however, agreed that such diets are defective and 
that the failure to maintain body weight was followed sooner or 
later by symptoms of disease and death unless some source of the 
fat-soluble vitamine was supplied. It was surprising therefore 
to learn from the recent paper of Daniels and Loughlin‘ that rats 
could be made to grow, reproduce, and rear their young “‘. 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, Washington, D. C. 

1 Report on the present state of knowledge concerning accessory food 
factors, Medical Research Comm., National Health Insurance, Special Rep. 
Series, No. 38, 1919, 16. 

2 McCollum, E. V., and Davis, M., J. Biol. Chem., 1918, xv, 167. 

’ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913, xv, 311. 

4 Daniels, A. L., and Loughlin, R., J. Biol. Chem., 1920, xlii, 359. 
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on diets in which the only apparent source of the vitamine was 
the lard or cotton-seed oil.’”’ These workers concluded that 
a both these fats contain appreciable amounts of 
the Sat aalante growth stimulant. This, however, is demon- 
strable only when fairly large amounts are fed.” 

In view of these divergent results it has seemed to us worth 
while to subject this problem to further critical investigation so 
that we might learn, if possible, the reason*for the existing dis- 
agreement. In our own earliest observations’ upon rats which 
were fed diets consisting of casein, edestin, or ovalbumin 18, 
“protein-free milk” 28, starch 26 to 29, lard 25 to 28 per cent; 
or casein, edestin, or lactalbumin 18, ‘artificial protein-free milk” 
29, starch 25 to 28, lard 25 to 28 per cent, the characteristic nutri- 
tive failure expressed by retardation of growth followed by decline 
in body weight was not recognized until the lapse of many weeks. 
To avoid the uncertainty of possible changes resulting from the 
process of preparation for the market in the case of the com- 
mercial lard fed in these early trials, the experiments were dupli- 
cated by using lard rendered at comparatively low temperatures 
in our own laboratory.° The outcome with this carefully pre- 
pared fat was no different. The characteristic nutritive failure 
occurred in about the usual time, and the animals were restored 
to health by replacing a part of the lard with butter fat. The 
diets in these cases of malnutrition included 28 per cent of lard, 
an amount equal to that supplied by Daniels and Loughlin in 
rations of otherwise similar character. The failures were not 
confined to the use of one protein; for rats living on diets supply- 
ing casein, edestin, ovalbumin, or lactalbumin (as already indi- 
cated) showed the usual period of seemingly normal growth fol- 
lowed by failure, frequently with manifestation of eye disease. 
These and similar experiences are doubtless responsible for the 
following conclusion reached by the Committee upon Accessory 
Food Factors under the Medical Research Committee of Great 
Britain?! 


= for a short time the young animals are able to grow when 


the trai soluble factor is deficient in their diet. The explanation of this is 
probably supplied by the assumption that the animal organism normally 


5 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1915, xx, 379. 
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contains reserve supplies of the factor ‘A’ in its own body. If this hypoth- 
esis is correct it is reasonable to assume that these reserves are mobilized 
for use when a deficiency occurs in the diet, but as soon as they are 
exhausted growth is immediately inhibited. During the period of tem- 
porary growth, throughout which it has been assumed that the reserve 
supplies are being utilized, the animals show a normal appearance and 
there does not appear to be any decline in their health, but when the 
reserves are exhausted and the deficiency becomes felt, not only do they 
cease to grow but they become highly susceptible to bacterial infection.” 


In our own experiments just referred to, the indispensable 
water-soluble vitamine was furnished in the form of “protein- 
free milk.’”’ It has been alleged that the initial delay in the 
manifestation of nutritive damage was due to fat-soluble vitamine 
carried by this product. Subsequently we replaced the protein- 
free milk by an artificial mixture of inorganic salts and starch 
(in place of milk sugar) and supplied the water-soluble vitamine 
by adding dried brewery yeast. The outcome with diets made 
up of casein or lactalbumin 18, or meat residue 19.6, salt mixture 
4, starch 47 to 52.4, lard 24 to 31 per cent, plus 0.2 to 0.6 gm. of 
dried brewery yeast daily, was not essentially different; the failure 
did not appear notably earlier than in the original experiments.® 
Separate trials showed the yeast to be devoid of fat-soluble vita- 
mine, even enormous quantities of it failing to protect the 
animals on lard diets against the effects of the deficiency in 
fat-soluble vitamine’ (see Chart I). 

As already stated, there are in the literature of the subject sev- 
eral records’ of young animals, fed on foods supposedly free from 
fat-soluble vitamine, which failed to grow in the way that we 
have described, whereas the experience of others® coincides with 
our own published results in which the nutritive decline was 
delayed until some considerable growth had been made. This 
raises the question of the complete freedom from fat-soluble 
vitamine of the foods used in the rations employed in different 


§ Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xli, 549, Charts 
I and III. se. 

7 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1919, xxxvii, 199. 

8’ McCollum, E. V., Simmonds, N., and Pitz, W., Am. J. Physiol., 1916, 
xli, 333. Halliburton, W. D., and Drummond, J. C., J. Physiol., 1917, li, 
235. 

9 Stephenson, M., and Clark, A. B., Biochem. J., 1920, xiv, 502. 
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investigations and the methods employed for purifying their 
ingredients. Were there traces of fat-soluble vitamine remaining 
in the products employed, which will account for the initial 
recorded growth of young rats on diets of protein, carbohydrate, 
inorganic salts, and lard? 

The problem of the removal of this vitamine from food prod- 
ucts has not been satisfactorily solved. Many protocols describe 
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Cuart I. Showing the failure of very large quantities of dried brewery 
yeast to furnish sufficient fat-soluble vitamine to protect rats from nutri- 
tive decline on diets otherwise adequate. Renewal of growth promptly 
ensued when butter fat was incorporated in the diet during the period 
indicated by the interrupted lines. The food mixture consisted of yeast 
42.5, salt mixture 4, starch 30.5, lard 23 per cent. 


the use of foods purified by extraction with various organic sol- 
vents, particularly ether. There is reason to believe that the 
fat-soluble vitamine is not .always readily soluble in such liquids. 
Pure.ether may be ineffective, in some cases at least, unless the 
food product has been previously treated with alcohol. This 
behavior is analogous to that of phosphatides in egg yolk, blood 
serum, milk, etc., which are insoluble in pure ether until they . 
have been liberated from some combination with protein by 
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preliminary treatment with alcohol.!° Although it has been 
reported! that ether does not extract the fat-soluble vitamine 
from dried leaves, we. have obtained it by extraction with v.s. P. 
ether (which contains alcohol and water). From the substances 
extracted by alcohol the vitamine is perhaps extractable by ether. 
The effect of heat on this food factor may hinge upon its prelim- 
inary liberation from other complexes. 

Inasmuch as the study of problems concerned with the physi- 
ological function of the fat-soluble vitamine requires a food 
entirely devoid of it we have renewed the investigation from this 
standpoint. The protein, casein or edestin, was boiled three 
successive times with absolute alcohol under a reflux condenser 
for 1 hour, and then filtered off by suction. The commercial 
corn-starch used was treated in the same manner. The brewery 
yeast was first dried over night in an electric oven at 110°C. and 
then extracted in the same way. 

In separate trials'* we have assured ourselves that the yeast 
used as a source of water-soluble vitamine in all these tests does 
not lose its potency by desiccation at 110°C. followed by extrac- 
tion with absolute alcohol. Rats have grown at a normal rate for 
140 days to 336 gm. on rations in which such heated and alcohol- 
extracted yeast furnished the sole source of water-soluble vitamine 
in an otherwise adequate diet. 

The curves of growth of a series of rats receiving a mixture of 
the extracted foods are given in Chart II. The diets consisted 
of extracted casein or edestin 18, extracted starch 48, salt mix- 
ture 4, lard 30 per cent, together with 0.4 gm. of extracted yeast 
daily. 


10Qsborne, T. B., and Campbell, G. F., J. Am. Chem. Soc., 1900, xxii, 
413. Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1916, xxviii, 1. 
van den Bergh, A. A. H., and Muller, P., Proc. Acad. Sc. Amsterdam, 1920, 
xxii, 748. 

11 McCollum, E. V., Simmonds, N., and Pitz, W., Am. J. Physiol., 1916, 
xli, 363. 

12 Osborne, T. B., and Mendel, L. B., Proc. Soc. Exp. Biol. and Med., 
1918-19, xvi, 98; J. Biol. Chem., 1920, xli, 549. See also Zilva, S. S., 
Biochem. J., 1920, xiv, 494. 

13 The general methods of feeding, etc., employed in our investigations 
have recently been outlined by Ferry, E. L., J. Lab. and Clin. Med., 1920, v, 
735. 
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Since we have found® that the fat-soluble vitamine can be 
removed from butter fat by recrystallizing the latter from strong 
alcohol, commercial lard was melted and poured into absolute 
alcohol, heated to 60°C., cooled over night, and filtered by suction. 
This treatment was repeated three times, and the resulting solids 
were dried in a casserole over a steam bath. Experiments with 
this alcohol-extracted lard fed in place of the usual commercial 
product showed no essential differences in their outcome in so far 
as retardation of growth or well being were concerned. 

It is a common experience that animals living on unsuitable 
diets tend to reduce their food intake. When the indispensable 
water-soluble vitamine is incorporated in such food the consump- 
tion of this food accessory may be greatly reduced because the 
animals do not eat enough of the rations containing it. A vicious 
circle is thus established whereby insufficient water-soluble vita- 
mine leads to inadequate eating which in turn limits the quan- 
tity of both food and vitamine available. This criticism may be 
made of many investigations in which the undetermined and 
presumably lowered food intake occasions uncertainty regard- 
ing the supply of essential components other than the one spe- 
cifically under investigation. It is especially true when the 
water-soluble vitamine is an integral component of the food mix- 
ture offered. 

As an illustration of the difficulty of interpretation we may cite 
a series of unpublished experiments carried out by us several 
years ago with ‘‘fat-free” foods. The diets consisted of casein 
18, salt mixture 4, yeast 2, and starch 76 per cent. Curves of 
body weight are shown in Chart III. It will be noted that on 
these rations supposedly devoid of. fat-soluble vitamine the ani- 
mals remained practically stationary in weight in contrast with 
what has been observed by us where lard was incorporated in the 
diet. All the rats scattered their food quite badly so that accu- 
rate estimates of the food intake could not be made. For this . 
reason we are unable to conclude whether the failure to grow in 
the first period was due to inadequate intake of water-soluble 
vitamine or other essential nutrients, or was merely the expres- 
sion of the complete lack of fat-soluble vitamine. All these ani- 
mals began to grow when butter fat was added to the diet; but 
the food intake and consequently the intake of water-soluble 
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vitamine were simultaneously increased. McCollum™ has pub- 
lished similar curves of complete failure to grow on a ration of 
casein, salts, agar-agar, and dextrin, carrying an extract of wheat 
embryo as a source of water-soluble vitamine, to which the criti- 
cism just applied to our own experiments may perhaps likewies 
be made. 

The deleterious effect ont a diet lacking in water-soluble (B) 
vitamine is far more acute in its manifestations than are the 
dietary failures observed by us when the fat-soluble vitamine is 
not supplied.'® | 
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EFFECT OF DIETS: WITHOUT FAT AND WITHOUT FAT-SCLUBLE VITAMINE 
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40 

Cuarr III. Showing the failure to grow on fat-free foods (solid line) 
and on diets containing 9 per cent of lard (-.-.-.-), with prompt growth 
whenever 9 per cent of butter fat (------ ) was incorporated in the diet. 
The fat-free food mixture consisted of casein 18, salt mixture 4, starch 76, 
yeast 2 per cent. 


In our newer series with alcohol-extracted foods this uncer- 
tainty has been averted by furnishing suitable daily doses of the 
water-soluble vitamine apart from the ration. Inasmuch as the 
animals greedily ate the separate allowance of yeast an adequate 
intake of this factor was assured. The outcome of the experi- 
ments with rations devoid of fat-soluble vitamine illustrated in 
Chart II has been a reduction of the period of undiminished 


144 McCollum, E. V., Proc. Inst. Med., 1920, ili, 13, Chart I, Lot 417. 
15 Osborne, T. B., Wakeman, ASA aad Ferry, E. L., J. Biol. Chem., 
1919, xxxix, 35. 


T. B. Osborne and L. B. Mendel 285 


growth. However, even in these cases there was for some time 
a not negligible increment of weight. The prompt recovery of 
the animals tested, after their decline had begun, by the addi- 
tion of butter fat, without any alteration in the dosage of water- 
soluble vitamine gave a clear answer to the nature of the defi- 
ciency in their previous diet. Whether the protein and starch 
used in our rations before they have been thoroughly extracted 
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Cuart IV. Showing preliminary growth followed by a decline in body 
weight on diets on (unextracted) foods deficient in fat-soluble vitamine, 
during the period indicated by the solid line. The recoveries during the 
periods indicated by the broken line follow the addition of butter fat as a 
source of fat-soluble vitamine to the diet. In the first period the food 
mixture consisted of casein or edestin 18, salt mixture 4, starch 48, lard 30 
per cent, together with 0.4 gm. of yeast daily. 

These records should be contrasted with the results of experiments in 
which the foods were specially extracted (Chart II). 


with absolute alcohol are carriers of any noteworthy amount of 
fat-soluble vitamine may be judged by a comparison of the rec- 
ords just cited with those for a group of animals fed on precisely 
similar diets representing mixtures of food products which had 
not been extracted (Chart IV). 

One gains the general impression that the extraction may 
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remove a small amount of the fat-soluble vitamine which if pres- 
ent would postpone the decline in weight somewhat longer. 
Steenbock and Gross" likewise give numerous records of a slight, 
though soon limited continuation of growth when a normal diet. 
is replaced by one of highly purified food substances supposed to 
be free from fat-soluble vitamine. It should not be forgotten, 
however, that other substances which may have been removed by 
the extraction with alcohol may also be of importance for the 
well being of the animal. Convincing evidence that minute 
quantities of one or more lipoids are not essential has not yet 
been furnished. 

It is interesting to note that whereas the fat-free diet used by 
McCollum, which failed to permit growth, contained as the 
sole source of water-soluble vitamine the extract of only 11 gm. 
of wheat embryo, the precisely similar experiments of Steenbock 
and Gross, in which considerable initial growth was achieved on 
fat-free diets, contained the extract from 20 to 78 gm. of ether- 
extracted wheat embryo. Hence it may well be, as we have 
intimated, that the temporary growth on diets without any 
appreciable quantity of fat-soluble vitamine may be determined 
by the dosage of the water-soluble vitamine which the animals 
can secure. Indeed Steenbock and Gross have pointed out an 
instance 


“4 where presence of a subnormal amount of one vitamine was 


apparently brought to light by a similar situation with respect to another 
vitamine. When the deficiency of the water-soluble vitamine was cor- 
rected the amount of fat-soluble vitamine originally present was able to 
allow some further growth to result. . . . . It brings out one of the 
innumerable instances where a tendency to one nutritive deficiency height- 
ens the susceptibility and results in the~enset of symptoms resulting from 
similar or other unfavorable environmental conditions’ (p. 507). 


In the course of the feeding experiments it occurred to us that. 
possibly the prolonged manipulations with alcohol render the 
food unpalatable. If this were true the nutritive failures might 
be due to undereating rather than to the lack of an essential 
ingredient removed by the extractions. This assumption was 
shown, however, to be untenable by a series of feeding trials in 
which the foods were treated with alcohol precisely as was the 


16 Steenbock, H., and Gross, E. G., J. Biol. Chem., 1919, xl, 501. 
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case for the extracted foods. The products were subsequently 
dried to drive off the aleohol without filtration or removal of any 
non-volatile ingredient. Chart V shows the outcome of feeding 
trials with such foods. Since where butter fat was present growth 
was essentially normal the assumption which has found its way 
into the literature that heating with alcohol deteriorates the 
nutritive value of casein is disposed of. Where lard was the only 
fat present the curves of growth are not essentially unlike those 
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Cuart V. Showing the absence of noteworthy effect from heating with 
alcohol in the case of mixtures of foods either adequate for growth (Rats 
6204, 6208, 6210, 6303, 6295) or deficient in fat-soluble vitamine (Rats 6291, 
6300, 6302, 6313, 6305, 6306). The food during the periods indicated by 
the solid lines consisted of casein (heated with alcohol) 18, starch (heated 
with alcohol) 48, salt mixture 4, butter fat 9 or 0, lard 21 or 30 per cent, 
with 0.4 gm. of alecohol-extracted yeast daily. During the periods indi- 
cated by the broken line butter fat was supplied as a source of fat-soluble 
vitamine. 


for the similar experiments with unextracted foods represented 
in Chart IV. 

In the successful feeding experiments with the lard-containing 
foods reported by Daniels and Loughlin, to which reference was 
made in our opening paragraph, it is reported that in order to 
reduce the content of fat-soluble vitamine to a minimum in the 
experimental rations “ . . . . both the casein and the 
wheat embryo, previous to the alcohol treatment, were extracted 
for 48 hours with ether (‘Squibb, for anesthesia’) in a Soxhlet 
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apparatus. The lard used was a commercial product rendered 
from the leaves and back fat.’”” Must we assume for the present 
either that the lard from different sources varies in its content 
of fat-soluble vitamine or that ether alone fails to extract it from 
the non-fat foodstuffs? 

It has been alleged that the ability of animals to grow for some 
time in the supposed absence of fat-soluble vitamine is due to 
“exceptional vitality’? of the individuals or to reserve stores of 
the vitamine in the body.!”7 Unless we are to accept some indef- 
inite explanation of this sort, it seems necessary to conclude, in 
the light of our experience, that removal of the fat-soluble vita- 
mine from even purified proteins and carbohydrates is accom- 
plished with far greater difficulty than has been hitherto sus- 
pected. An entirely convincing crucial experiment, in which 
nutritive failure immediately ensues upon the administration 
of diets fully adequate 7n every respect except for the presence of 
fat-soluble vitamine, remains to be made. It is significant that 
older rats thrive for a longer time than do the younger ones on 
the same diets nearly if not entirely free from the fat-soluble 
vitamine. ‘This is in contrast with the well established fact that 
at all periods the lack of water-soluble vitamine is speedily 
manifested. 


17 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xx, 641. Also 
Drummond, J. C., Biochem. J., 1919, xiii, 81, who states that occasionally 
rats are encountered which ‘“‘exhibit a power to grow for long periods of 
time although receiving a diet seriously deficient in fat-soluble A.”’ 
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Proteins contain nitrogen in different groupings; e.g., amino 
nitrogen, amide nitrogen, glyoxaline and proline, and the guani- 
dine rest. On hydrolysis of proteins with strong mineral acids 
an ammonia fraction is very easily split off and represents the 
amide nitrogen in the molecule. This ammonia fraction runs 
parallel with the amount of dicarboxylic acids—aspartic and 
glutaminic—from the amide nitrogen of which it is probably for 
the most part derived (Osborne, 1909). 

The proportion of these unlike types of nitrogenous groups 
varies in different proteins; e.g., casein has a low content of amide 
nitrogen while the proteins of the wheat kernel are richer in this 
grouping of nitrogen. A sample of commercial casein containing 
12.6 per cent total nitrogen, hydrolyzed for 2 hours with 20 per 
cent HCl, yielded 10.5 per cent of its nitrogen as ammonia nitro- 
gen while a sample of gluten having 13.0 per cent total nitrogen 
gave 21.6 per cent of its nitrogen as ammonia nitrogen under the 
same conditions. 

We know that the proportions of the end-products of nitroge- 
nous metabolism in the urine, e.g. urea N, ammonia N, creatinine 
N, creatine N, etc., may be varied by the nature of the diet. 
It is not definitely ascertained, however, whether this partition 


* The data in this paper are taken from the writer’s dissertation pre- 
sented in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy, Yale University, 1920. A part of the expenses of the 
research were defrayed by a contribution from the Russell H. Chittenden 
Fund for Research in Physiological Chemistry. 
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of nitrogen can be altered by the type of distribution of nitrogen 
in the protein intake; z.e., whether amide nitrogen has the same 
fate in metabolism as amino nitrogen. Therefore the following 
experiments on the metabolism of different diets varying only 
with respect to the character of the protein therein have been 
undertaken. Inasmuch as the character of the metabolic change 
may be determined by the plane of nutrition, 7.e. whether 
an animal is on a low nitrogen intake barely sufficient for its 
needs, or on a high intake, experiments were conducted at differ- 
ent levels of protein intake. 

Three female dogs were employed. They were kept in ordi- 
nary metabolism cages and catheterized at 24 hour intervals 
under conditions to preclude infection. Experimental periods 
lasted 4 or 5 days each. The feces were marked into periods 
with carmine. They were dried on the water bath with alcohol 
to which a few drops of acid were added. Water was given ad 
libitum. Total nitrogen was determined by the Kjeldahl method; 
ammonia nitrogen by the Folin aeration method; creatinine by 
the Folin micro method; creatine by the same procedure after 
treatment with 2 cc. of normal HCl in an autoclave for 20 minutes 
at 20 pounds pressure; phosphates by titration with uranyl ace- 
tate; hydrogen ion concentration by the Sérensen colorimetric 
method using sodium alizarin sulfonate as indicator for the range 
pH 5.0 to 6.0 and neutral red for pH 6.0 to 7.5. 

The proteins fed were casein and wheat gluten. The casein! 
was a light yellow commercial preparation, finely ground, con- 
taining about 12.7 per cent of nitrogen. The gluten was a com- 
mercial variety,” very finely ground, containing 12 to 14 per cent 
of nitrogen. In addition to the protein under investigation the 
remaining calorific requirement was supplied by approximately 
equal weights of lard and sucrose to which were added 2 gm. of 
NaCl and 5 gm. of bone ash, the latter to give proper consistency 
to the feces. The diets with a few exceptions were fed in one 
meal soon after catheterization in the morning and were made to 
supply about 70 calories per kilo of body weight, but were increased 
in certain experiments (see Table I). 

1 Casein was kindly supplied by Lister Brothers, New York. 


2 Wheat gluten was purchased from Menley and James, New York, 
under the commercial name Glidine. 
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TABLE I. 
Results of Feeding Experiment with Casein and Gluten. 
(The data give daily averages of the periods.) 
§ Urine. 
) 8 : 1 o a 
Experiment No. 4 5 g 8 a Z| ale a2 A: .& 
z SP Se Vem bls | oa | se |e 
ale \e\ ele | a ae [blo la 
gm. ey cc. | pH | gm mg. |percent| mg.| mg. | mg 
1. Casein period, 5 |20.2 | 720 | 500] 6.1/17.3 |1,140} 6.6 | 78] * | 944 
days; Dog B, 
weight 8.4 kg. 
2. Gluten period, 5 |19.9 | 600 | 590) 6.4/17.8 | 967; 5.4] 78} * | 164 
days; Dog B, 
weight 8.4 kg. 
8. Gluten period, 3 |19.9 | 600 | 470) 6.4/17.3 | 850) 5.0 | 95] * | 140 
days; Dog A, 
weight 9.7 kg. 
4. Gluten period, 5 |13.0 | 900 | 450) 6.5/11.3 | 640) 5.7 | 96] 2 | 213 
days; Dog A,t 
weight 10.7 kg. 
5. Gluten period, 3 |14.9 | 460 | 445] 6.4)13.2 |. 724) 5.5 | 55] 2 
days; Dog C, 
weight 6.5 kg. 
6. Casein period, 5 | 6.95} 440 | 260] 6.1| 6.15} 406) 6.6 | 58 | 16 | 352 
days; Dog C, 
weight 6.5 kg. 
7. Gluten period, 5 | 6.82] 480 | 330) 6.1] 6.76] 345) 5.4 | 57 | 12 | 125 
days; Dog C, 
weight 6.5 kg. 
8. Casein period, 5 | 6.32] 700 | 220) 6.1) 5.21; 350} 6.7 |100| 0 | 375 
days; Dog A,t 
weight 10.2 kg. 
9. Gluten period, 5 | 6.40] 670 | 370) 6.6) 5.84) 352} 6.0 | 99] 3 | 211 


days; Dog A,j 
weight 10.4 kg. 


* When creatine was determined on urines from dogs on a very high pro- 
tein diet the combined creatinine after HCl treatment was always a few 
milligrams less than the preformed creatinine. 
investigated except that a few normal human urines were simultaneously 
analyzed and did not show the phenomenon, the combined and preformed 
creatinine being identical. 


{ The dog was pregnant. 


The point was not further 
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TABLE I—Concluded. 


$ Urine 

Ex 5 tN s = a 6 = iS 1 o n 
xperiment No. = = 2 3 Z z Z2\4 | ae|e8 Fs 
= = os rs 9 ol |e S ~ no 
& A eaten 1s S | gis | 8a) ge] oa 
= 3 | 6S 5 © | 28) 24) sa 

Ze em >le|a AZ | SRA OMe 
gm. calo- | oo. pH | gm. | mg. | percent| mg. | mg. | mg. 


bn | 
~~ 
® 
wn 


10. Casein period, 5 | 6.57} 600 | 260) 6.1) 5.72} 380) 6.6 | 78 | 5 | 442 
days; Dog B, | 
weight 8.2 kg. 

11. Casein period, 5 | 2.94] 610 | 220) 6.0) 2.77} 195} 7.1 | 82 | 5 | 280 
days; Dog B, 
weight 8.6 kg. 

12. Gluten period, 5 | 2.98} 600 | 210) 6.3|.3.03} 209) 6.9 | 82] 4 | 206 
days; Dog B, 
weight 8.5 kg. 

13. Casein period, 5 | 2.56) 470 | 200} 6.2} 2.20) 112): 5.2 | 59 | 25 | 227 
days; Dog C, 
weight 6.7 kg. 

14. Gluten period, 5 | 2.57| 460 | 200} 6.3} 2.32} 117; 5.0 | 59 | 14 | 164 
days; Dog C, 
weight 6.5 kg. 


DISCUSSION. 


The urinary ammonia output is not influenced to any appreci- 
able extent by the character or quantity of the two so widely 
different proteins in the diet. If the metabolism of the abun- 
dant amide nitrogen of the wheat proteins were different from that 
of the amino nitrogen of the casein one might anticipate that more 
urinary nitrogen in the form of ammonia would be excreted when 
the diet contained the wheat gluten. This was not the case and 
in general the excretion was a little lower. The average excre- 
tion on the casein diets was 6.5 per cent of the total nitrogen and 
5.6 per cent on the gluten diets. The slight increase in the hydro- 
gen ion concentration and the urinary ammonia on the casein 
diet might easily be explained by the greater potential acidity 
of the casein. The greater acidity of the casein is apparently 
mostly taken care of by the phosphate regulation. The creati- 
nine output was evidently entirely of endogenous origin. The 
creatine found seems independent of the nature of the protein. 
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Additional Experiments with Yeast Protein. 


Experiments similar to the preceding were conducted with 
yeast as the sole source of nitrogen in order to study the parti- 
tion of the urinary nitrogen and to compare it with that following 
the ingestion of the other two proteins, and incidently to deter- 
mine the utilization of the yeast nitrogen. The literature shows 
rather conflicting statements as to the availability of the yeast 
protein in the animal body. 


Voltz (1905) reported 83.6 per cent of nitrogen utilized in one experi- 
ment with a dog. Véltz and Baudrexel (1911) reported an experiment on 
a man in which about one-half the nitrogen was supplied by yeast; 86 per 
cent was utilized. Rubner (1916) giving 13.7 gm. of yeast nitrogen plus 
30.9 gm. of meat nitrogen to a dog calculated that 98.4 per cent of the yeast 
nitrogen was utilized. Deutschland (1917) gave a dog a diet containing 
about one-half its nitrogen as yeast nitrogen and obtained utilizations of 
83.5 and 89 per cents. Schill (1918) reports coefficients of 40 per cent in 
one case and 75 per cent in the other. The above data were obtained by 
using yeast as a part only of the nitrogen intake and obviously do not give 
a clear idea as to the utilization of the yeast nitrogen. Funk, Lyle, and 
McCaskey (1916) in four experiments on man in which yeast supplied the 
principal sources of nitrogen found 70 to 80 per cent utilized and decided 
that it ‘“‘cannot very well be recommended as a sole protein source.”’ 
Schill (1918) reported two experiments where yeast was the only source of 
nitrogen in the diet of two dogs. The intakes were low (1.75 and 1.54 gm. 
of nitrogen per day); the utilization was 66 and 76 per cent respectively. 


The yeast used in the present investigation was a dried com- 
mercial brewery yeast. It contained nitrogen 7.2, moisture 
9.1, and ash 6.6 per cent. Neuberg (1915) estimated that 46 to 

48 per cent of the nitrogen of yeast is protein nitrogen while 
Bokorny (1915) estimated it at 60 per cent. The yeast was sus- 
pended easily in water and was readily given with the other con- 
stituents of the diet each day through a stomach sound. With 
this exception the experiments were conducted similarly to those 
reported above (see Table II). 

The ammonia nitrogen output compares favorably with that 
after feeding casein and gluten, giving further evidence that it is 
not influenced by the character of the protein. On certain days 
of the lower nitrogen intake periods the ammonia was compara- 


3 Supplied by Hinckle Brewery, Albany. 
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tively high, but no explanation is evident until more is known 
concerning the nature of the nitrogenous compounds of yeast. 
The excretion of urinary phosphorus is high as would be expected 
from the high content of nucleic acid in the yeast. The nitrogen 
balance and percentage utilization indicate that yeast has about 
80 per cent of its nitrogen fairly efficient for nutrition. 


CONCLUSIONS. 


As far as is indicated by the urinary nitrogenous end-products, 
the metabolism of two proteins, casein and wheat gluten, widely 
different in their chemical make-up, is essentially the same. 

Despite the great diversity in amide nitrogen in the proteins 
compared, the relative excretion of urinary ammonia was approx- 
imately the same. 

In metabolism experiments with comparable quantities of 
yeast as the sole source of protein, the partition of urinary nitro- 
gen compared favorably with what was observed after feeding 
the other two proteins. 

The utilization of the yeast nitrogen was about 80 per cent. 


The writer wishes to thank Professor Lafayette B. Mendel for 
his suggestion of the problem and advice throughout the course 
of the investigation. 
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RIGOR MORTIS IN SMOOTH MUSCLE AND A CHEMI- 
CAL ANALYSIS OF FIBROMYOMA TISSUE. 


By EDWIN F. HIRSCH. 
(From the Pathology Laboratory of St. Luke’s Hospital, Chicago.) 


(Received for publication, August 30, 1920.) 


1. Experiments Demonstrating a Postoperative Rigor in Fibro- 
myomas. 


Studies of rigor mortis recorded in the literature have been 
made almost exclusively on skeletal muscle, and whatever con- 
clusions there may be regarding its occurrence in smooth muscle 
seem to have been reached largely by inference from such studies, 
rather than by actual experimental observations. Wells! states 
that all forms of muscle, striped, smooth, and cardiac, undergo 
rigor mortis, manifested by a shortening and thickening. Saxl,? 
investigating the distribution of muscle proteins in bovine uteri, 
observed no difference between the analyses of tissues fresh and 
after 24 hours. He did not see a postmortem rigidity of these 
uteri. Nasse, according to this investigator, found the intestinal 
wall firmer several hours after death than immediately post 
mortem, and concluded that this is a rigor mortis contraction of 
the intestinal musculature. Hawk,’ referring to Saxl’s study, 
says there is a difference of opinion regarding the occurrence of 
true rigor in non-striated (smooth) muscle. Such statements in 
the literature are sufficiently at variance with the observed con- 
traction and intussusception of bowel post mortem, and to sim- 
ilar or postoperative rigidity of uteri and fibromyomas to deserve 
investigation. 


1 Wells, H. G., Chemical pathology, Philadelphia, 3rd edition, 1918. 

2 Saxl, P., Beitr. chem. Physiol. u. Path., 1907, ix, 1. 

3 Hawk, B. P., Practical physiological chemistry, Philadelphia, 6th 
edition, 1918. 
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Contraction of bowel segments or their intussusception has 
been observed post mortem, no doubt, by every pathologist, 
but the doughy consistency of a uterus or a fibromyoma changing 
to a rigid firmness soon after death or surgical removal is not 
so commonly appreciated. Histologically, fibromyoma tissue 
contains much smooth muscle, and such contractile phenomena 
as it may manifest are due, no doubt, to this element of its 
structure. 

In order to study the rigidity mentioned, and, if possible, 
correlate it with the physical changes of skeletal muscle known as 
rigor mortis, sections of operatively removed uteri and fibro- 
myomas | cm. square and 4 cm. long were mounted soon after 


oe 
é 
<= S7 


Fic. 1. Apparatus for mounting muscle. 


removal, as shown in Fig. 1. The tissue preparation was placed 
in a moist chamber at room temperature (62-70° F.), moistened 
with a few drops of normal salt solution, and the contractions 
were observed. 

As soon as the fresh tissue preparation is mounted, contraction 
begins and continues gradually to a maximum. In order to 
represent this change graphically, a curve was made by plotting 
along the ordinate the contraction measured on the millimeter 
scale of the apparatus, and along the abscissa the time in min- 
utes. Two such curves are given in Fig. 2, one of them for 
uterine muscle, the other for fibromyoma tissue. After the 
period of contractility. has passed, which may be as short as 1 
hour after removal, forceful extension is not followed by shortening. 
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All the experiments agree in result with the graphs prepared, 
excepting such fibromyoma tissue as has undergone retrogressive 
changes known as ‘‘red degeneration.’”’ Such tissue manifests 
none of the contractile phenomena observed with other fibro- 
myomas and uteri. 


30 
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Fig. 2. Upper curve shows contraction of fibromyoma; lower curve con- 
traction of uterus. 


It is possible to say, from these observations, that a post- 
operative rigor occurs in smooth muscle, which is similar, at least 
in so far’as contraction is concerned, to the postmortem rigor of 
striated muscle. 

The heart, in postmortem examinations generally, is said to 
be in firm systole or to have ceased action in systolic contraction. 
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This statement, no doubt, is incorrect, for the postmortem rigor 
of heart muscle is similar to that observed with other involuntary 
muscle. 


2. Experiments Determining a Postoperative Acidity in Fibro- 
myomas. 


Postmortem rigor and rigor induced under other conditions in 
skeletal muscle are known generally to be accompanied by an 
acidity. Lactic acid has been identified in such tissues and is 
believed largely to be the acid causing this change in reaction. 
With the exception of certain heat rigor experiments on smooth 
muscle by Meigs,‘ all these observations have been made on 
skeletal muscle. 

Since a postoperative rigor can be demonstrated in fibromyoma 
tissue and uteri, it is possible that an acidity similar to that 
occurring in striated muscle may accompany this change. ‘To 
determine it, standard solutions and the appropriate indicators 
in solution were prepared carefully according to Clark and Lubs.® 
Triple distilled ‘‘conductivity water’? was used in making these 
solutions and in conducting the reaction experiments. The 
tissue reaction was determined by placing 10 gm. samples of 
fibromyoma and uterine tissue in 15 cc. of water, and after suffi- 
cient time (usually a minimum of 15 minutes was taken) for the 
reaction of the water to approach that of the tissue, 2 cc. were 
placed in a comparing tube, colored with the proper indicator, 
and compared with a series of standard solutions. 

The results of the individual experiments are given in Table I. 

While the contention is not made that the hydrogen ion con- 
centration obtained by the method described represents the 
maximum acidity, for doubtless dilution of the tissue fluids and 
other factors must be considered, yet these tests. demonstrate 
uniformly an acidity developing rapidly in fibromyoma and 
uterine tissue manifesting a postoperative rigor. This change 
in reaction is another similarity correlating the rigor of fibro- 
myomas (non-striated muscle) with the postmortem rigor of 
skeletal muscle. The only exception again is the fibromyoma 


4 Meigs, E. B., J. Biol. Chem., 1909, vi, p. xviii. 
5 Clark, W. M., and Lubs, H. A., J. Bact., 1917, ii, 1, 191. 
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tissue with changes known as “‘red degeneration” in which neither 
an acidity nor a rigor developed. The substance giving the acid 
reaction to the tissues may be lactic acid, for several of the fluids 
in which the fibromyoma tissue had been contained reacted posi- 
tively with the ferric chloride test for this acid. 

Kondo® determined quantitatively the increase of lactic acid 
in expressed skeletal muscle fluid, and found that its formation 
is unusually rapid, the maximum concentration in some fluids 
having been reached within 30 minutes. He observed that 


TABLE I. 
ETRE see er csytele ciclde ad Sia ves 3 ale 1 2 3 4 5 6 7 22 23 24 
pH | pH | pH | pH | pH | pH | pH | pH | pH | pH 
BPTOMY OMA. bia essere 4 6.8} 6.8] 6.8 6.2 6.0 
ee SS RRA OER o 6.0 
4 PR Eee chy As een ON: 6.4 6.2) 6.2 6.2 
EGU Ste theory: eee ee 6.4 
EO LOMVY.OMAs tsetse. See 9 C2 C2 7.2 
< Heer. ls he sid 6.6 
iy Bee  Vaenaetet 6.2] 6.0 6.0 6.0 
4 Eien ae Menetae 6.0 


* Red fibromyoma, did not contract in moist chamber. 

fa contracted little “ on < 

Some fluids in these experiments reacted with the ferric chloride test 
for lactic acid. 


lactic acid production is completely inhibited by the addition of 
acid (x H;SOx,) to the muscle fluid, and is favored by the addition 
of sodium bicarbonate, there being an optimum concentration of 
this alkali in such fluids beyond which it exerts no influence. — 
In the presence of a small quantity of alkali in the expressed 
muscle fluid, the formation of lactic acid soon reaches a maxi- 
mum, and is inhibited at a certain hydrogen ion concentration. 
This concentration is not given by Kondo. His conclusion, 
however, is supported by the results of this study for there has 
been found a fairly uniform maximum (pH 6.0) which the usual 
tissue acidity does not exceed. 


6 Kondo, K., Biochem. Z., 1912, xlv, 63. 
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3. Postoperative Alkali Reserve Changes in Fibromyoma Tissue. 


To study further the postoperative change in the reaction of 
these tumors, 3 cc. of fluid were expressed from small pieces of 
tissue with a hand meat press. The fluids were equilibrated with 
air containing 5.5 per cent carbon dioxide and analyzed accord- 
ing to the Van Slyke and Cullen’ method, the proper corrections 
for 0°C. and 760 mm. barometric pressure being made. 

Two such determinations were made with fibromyoma tissue 
24 hours after removal, the carbon dioxide capacities of their 
fluids being respectively 3.93 and 6.06 volumes per cent; the 
fluid of a third after 8 hours, 8.4 volumes per cent; and that of 


Hours 


Fig. 3. Postoperative alkali reserve changes in fibromyoma tissue. 


another after 48 hours, 6.56 volumes per cent. The last men- 
tioned determination was made after the postoperative rigor had 
disappeared. 

The rapidity with which this change in the alkali reserve occurs 
was determined then by testing at short intervals other fibro- 
myomas obtained immediately after their removal. The results 
of two such determinations are shown in Fig. 3. 

These curves and the results mentioned otherwise support 
those results obtained in the experiments made for determining 
the postoperative variation of the hydrogen ion concentration, 
in that they demonstrate a marked and rapid loss of the tissue 
alkali reserve. The curves, especially, graphically represent the 
speed with which this change occurs. 


7,Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 289. 
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4. The Reducing Carbohydrate Content of Fibromyoma Tissue. 


The possibility that some carbohydrate may be the substance 
from which an acid or acids arise in the tissues during postopera- 
tive rigor suggested investigating the reducing sugar content of 
fibromyoma tissue at varying short intervals of time. To do this, 
the fluid of recently removed fibromyomas was expressed from 
small pieces of tissue with a hand meat press, a specimen as free 
from blood as possible being taken. Duplicate 2 cc. samples 
were diluted with 14 ce. of distilled water and the protein was 
precipitated according to the Folin and Wu® technique by adding 
2 ec. of 10 per cent sodium tungstate solution and 2 cc. of 3} N 
sulfuric acid. The precipitated proteins were filtered off, and 2 
ec. of the clear filtrate used for making the sugar determinations 
according to the recent method of Folin and Wu? with the special 
tubes recommended. All determinations were made in duplicate 
on the duplicate samples of fibromyoma fluid, and the reducing 
power of the clear filtrate was estimated in milligrams of dextrose. 

Three separate samples of fibromyoma fluid taken 24 hours 
after operative removal contained per cc. the equivalent of 
0.2650, 0.3535, and 0.3312 mg. of dextrose. A uterus examined 
24 hours after surgical removal contained three fibromyomas 
with values of 0.333, 0.211, and 0.198 mg. of dextrose per cc. of 
expressed fluid. The values for other fibromyoma tissues are 
charted in Fig. 4. 

These curves disclose a rapid diminution of reducing carbo- 
hydrates in fibromyoma tissue, especially during the Ist hour 
after removal, but continuing slowly thereafter. It is not likely 
that these substances disappear completely, for appreciable 
amounts are present 24 hours after removal. 

Although the experiments mentioned do not demonstrate 
necessarily a carbohydate origin of the tissue acidity, there is 
a certain parallel between the rate of acid increase, the rate of 
alkali reserve decrease, and the rate of reducing carbohydrate 
diminution, each rapidly attaining a maximum at about the 
same time and continuing thereafter at an approximate level. 


8 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 
9 Folin, O., and Wu, H., J. Biol. Chem., 1920, xli, 367. 
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Of interest in correlating this parallelism are the comments by 
Haggard and Henderson!® on asphyxial acidosis. Araki’s! 
observation that partial asphyxia causes the appearance of lactic 
acid (lactates) in the urine has been interpreted, according to 
these investigators, to indicate that in the absence of adequate 
oxygen supply an acidosis, develops. This interpretation of 
Araki’s observations, they continue, has gained support from the 


Mg. of dextrose 
© 
(@>) 


1 2 3 4 5 
Hours 


Fic. 4. Postoperative dextrose content of fibromyoma tissues “Hee cee 
of tissue fluid. 


fact, now apparently well demonstrated, that the first step chem- 
ically in the production of energy from carbohydrates in the 
animal body is anaerobic; sugar breaking down into lactic acid, 
which then is oxidized to carbon dioxide, the latter reaction being 
secondary, more a process of elimination than one of energy 
production. Embden, Baldes, and Schmitz, among others, 
have discussed the mechanism of lactic acid ae from 
glucose in the animal body. 


10 Haggard, H. W., and Henderson, Y., J. Biol. Chem., 1920, xliii, 3. 
1 Araki, T., Z. physiol. Chem., 1894, xix, 422. 
12 Embden, G., Baldes, K., and Schmitz, E., Biochem. Z., 1912, xlv, 108. 
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5. Chemical Analysis of Fibromyoma Tissue. 


As part of the study of rigor mortis in fibromyomas, a chemical 
analysis of this tumor tissue was made. Samples were ground 
finely, weighed by difference, and preserved in redistilled 95 
per cent alcohol sufficient to make approximately 75 per cent 
concentration until the alcohol-ether extraction in a Soxhlet 


TABLE II. 
per cent 
PNICOMOIREU RET BESTONMG Se, cy serene sel here itera ora one aren ciaositier ote 16.44 
“ extracts (dried) ssa. 48.1 oe ee eee. 3.38 
MING Uli OT GL Geant GA yet se nite Wat ee MeL Cen Re tp ame esta ee 19.82 
WY QUGE oo Giolla Opens TRE Pee EA aE ee nencee cree 7 Bi Came eae Beer Ser 80.18 
Alcohol-ether residue per gm. solids. 
mg. 
TEGyBEUL J OR ROSH) 2 Boh aOR ee a re ae A Fe es ool Pe ee ee ed 792.0 
Protemusulfurs... 5.) fake ni Ree coronas tit CS ol a aS EE PEERS 4.6 
aT MOSDIMONUGS ca} tesa sckwoaan aeorires em cine sores ae ode ares 1.5 
Alcohol-ether extract. 
Extractives. Lipins. 
mg. mg. 
soba MOF EAAIC (ASM) 2a gay a cece wheter eka sre aes 30.2 
ee SONICS aes eke co ct ta crs asset eee EE 101.3 
mame SUT LE UIT ray yay chae te oa hecey cesT ee oo ee So 0.7 0.5 
nor ramna ch Sulit: serrcrbasceeein te ise etaniorce Trace. 
MOG HOSMMOTUS!. «4 once e-ccets eos teres 2.3 2.2 
imoreanic- phosphorus)... - 2.0 .ws atin he wae LS 
po tallemntTO Memes ey. .se2, 20s wyene ey aveeve pees wiciesors eters 4.5 2.3 


extractor was made. The tissue analysis was made according 
to standard methods, the sulfur and phosphorus being deter- 
mined gravimetrically as barium sulfate and magnesium pyro- 
phosphate respectively, and the nitrogen by the Kjeldahl method. 
The results are given in Table. II. 

The proportion of total solids and water in the fibromyoma 
tissue analyzed approximates those found in the castration 
granuloma of swine,!* and in many other respects the analyses of 
the alcohol-ether-soluble and alcohol-ether-insoluble fractions of 
each correspond closely. 


13 Hirsch, E. F., and Wells, H. G., Am. J. Med. Sc., 1920, clix, 356. 
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CONCLUSIONS. 


There is a postoperative (postmortem) rigor of smooth muscle 
which is manifested by changes similar to those known in skeletal 
muscle as rigor mortis. Each variety of muscle in this change 
contracts, and is accompanied by a distinctly increased tissue 
acidity. With smooth muscle this acidity develops rapidly to a 
maximum, and is paralleled closely by a rapid diminution of its 
reducing carbohydrates, and by a decrease of its alkali reserve. 
There is a fairly uniform maximum (pH 6.0) tissue acidity in 
rigor mortis of fibromyomas that in part, at least, is due to lactic 
acid. 

A chemical analysis of fibromyoma tissue is given. 


THE CULTIVATION OF YEAST IN SOLUTIONS OF 
PURIFIED NUTRIENTS. 


By MARGARET B. MacDONALD anp E. V. McCOLLUM. 


(From the Laboratory of Chemical Hygiene, School of Hygiene and Public 
Health, Johns Hopkins University, Baltimore.) 


(Received for publication, November 16, 1920.) 


There has existed since the controversy between Pasteur and 
von Liebig (1, 2, 3) and the subsequent work of Mayer (4) and 
von Nageli (5) a belief that yeast in nutrient solutions affording 
only ammonium salts as a source of nitrogen failed to multiply to 
an appreciable extent. The addition of small quantities of impuri- 
ties of certain kinds, especially yeast extract, exerted a profound 
effect on the growth of yeast cells in such media. The nature of 
the substance or substances which affect the multiplication of 
yeast cells in so marked a degree has never been clearly stated. 
To define it Wildiers (6) coined the term “‘bios.’’ Yeast itself was 
considered the best source of this growth-promoting substance. 
Very small amounts of “‘bios’’ were needed to insure rapid prolif- 
eration, and it was thought that the better growth secured in nu- 
trient solutions of purified foodstuffs in which an ammonium salt 
served as the sole source of nitrogen when a large seeding of yeast 
was made, as contrasted with the results when one or very few 
cells were cultivated, was due to the death and autolysis of some 
of the cells. These dead cells contributed the hypothetical ‘‘bios”’ 
to the solution, and thus enabled the living ones to proliferate. 

The proofs brought forward in support of this view have not 
been entirely convincing, but have been widely accepted. That 
the acceptance has not been universal is made evident by the 
numerous papers that are still being written in support of or in 
opposition to it. Quite recently it has been suggested that the 
“bios” of Wildiers is perhaps identical with the antineuritic sub- 
stance concerned in the nutrition of the higher animals. Williams 
(7) and Bachmann (8) have devised procedures for the detection 
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and approximate estimation of the antineuritic substance by the 
use of yeast as a test organism. Their methods are based on the 
assumption that there exists a definite requirement by yeast of 
the antineuritic substance which has generally been assumed to 
be identical with the dietary factor water-soluble B. These 
authors hold the view that they have demonstrated experimen- 
tally that the multiplication of yeast cells in a solution containing 
pure chemical substances, all of which can be named, and the 
fermentative power of the yeast are quantitatively influenced by 
the addition of substances known to contain water-soluble B (7, 
8). In a recent paper from this laboratory (9) it has been shown 
that extracts of certain natural foods, e.g. wheat germ, rolled oats, 
muscle tissue, ete., even when treated so as to contain so little of 
the antineuritic substance that its presence cannot be demon- 
strated experimentally with rats, still exert a profound influence 
on the proliferation of yeast cells. The same is true of the addi- 
tion of mixtures of amino-acids and of glucose. The view that 
the growth of yeast can be made a quantitative method for the 
dietary factor water-soluble B must be regarded as questionable 
until supported by more convincing experimental proof. 

The following experimental work was undertaken in order to - 
throw further light on the problem of the requirement of yeast of 
the dietary factor water-soluble B. The problem might also be 
stated, because of the nature of the experimental work and the 
line of reasoning involved, to be a test of the identity of the anti- 
neuritic substance water-soluble B with “‘bios.”’ 

We were successful in securing the multiplication of yeast in 
fifteen successive seedings in nutrient solutions of purified chem- 
ical substances. 

In order to have a synthetic solution free from any trace of 
water-soluble B it seemed expedient to restrict the nutrient sub- 
stances as nearly as possible to those of mineral origin. More 
than half a century of experimentation on the nutrition of yeast 
furnished abundant material for references. According to Lafar 
(10) yeast may under proper conditions make excellent use of 
ammoniacal nitrogen. Enough experimental evidence in favor of 
at least a partial utilization of an inorganic nitrogen supply by yeast 
cells was found to warrant the use of ammonium sulfate as the 
source of nitrogen. The sucrose used as the carbohydrate supply 
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was prepared from the best granulated cane sugar by repeated 
precipitation from a concentrated water solution by absolute 
alcohol. 


' Nutrient Solution 1. 2 Per Cent Sucrose. 


1 liter distilled water. 
20 gm. sucrose, recrystallized. 

3 ‘* ammonium sulfate, c.P. 

2 ‘* potassium dihydrogen phosphate, c.p. 
0.25 gm. calcium chloride, c.P. 

0.25 ‘‘ magnesium sulfate, c.P. 


Nutrient Solution 2. 5 Per Cent Sucrose. 


The second nutrient solution differed from the first only in that 
it contained 50 gm. of sucrose per liter. 

The solutions were heated to boiling on 2 successive days. On 
the 3rd day portions of 25 cc. were measured with a sterile pipette 
into a number of small sterile Erlenmeyer flasks, which were 
then heated to boiling, stored in a cupboard, and kept free from 
possibilities of contamination. 

Three strains of yeast, baker’s yeasts “F” and ‘‘XII” and 
brewer’s yeast ‘“‘K,’’ were obtained from the Fleishmann Labora- 
tories. A small loopful of these pure cultures was used to seed 
25 cc. of sterile nutrient solution. The flasks were then well 
shaken to distribute the cells and allowed to stand undisturbed 
in the cupboard at room temperature. There was not enough 
yeast to produce visible turbidity in the solutions. At the end of a 
week there was a very perceptible growth of yeast on the bottom 
of the flasks and the solutions showed considerble turbidity when 
shaken. 1 cc. of the well agitated suspension in Flask A was 
transferred to a second seeding, Flask B, which was kept for a 
week, when the turbidity seemed about the same as in Flask A 
1 week after seeding. A third seeding was made from Flask B 
to Flask C. This successive seeding was continued to the fifteenth 
seeding with no apparent change in the rate of growth or diminu- 
tion in the fermentative activity of the yeast. Every precaution 
was taken to insure pure seedings, a microscopic examination of a 
sample from each flask being made before seeding the next flask, 
because of the known influence of other fungi (11, 12). 


310 Yeast in Purified Nutrients 


The seedings in Nutrient Solution 2 were conducted in the 
same way as those in Nutrient Solution 1. It was, however, 
possible to make seedings every 5 days rather than every 7 days 
as in the first series. It was noted in both series that the two 
strains of baker’s yeast, ‘‘F’’ and ‘‘ XII,’”’ made a somewhat better 
growth than brewer’s yeast “‘K.”’ 

Flask A containing 25 cc. of nutrient solution had added to it 
the “‘bios’’ contained in one loopful of a pure culture of yeast 
cells. If these cells gained no ‘‘bios’ and lost none, Flask B 
received 1/25, Flask C received 1/25 of 1/25, or 1/650, of the orig- 
inal amount of “bios,” and Flask J received 1/5, 667,253,614,- 
400; z.e., less than one-five trilionth of the “bios” in the one 
loop of yeast cells used to seed Flask A. If,as Amand (12) supposes, 
the original amount of ‘‘bios’”’ decreases very rapidly, it must 
appear that yeast may grow without ‘‘bios” or water-soluble B, 
or it must be able to synthesize its own supply. 

The fermentative power of the yeast used in these experiments 
was determined for cells taken from the fifteenth seeding. 0.5 
cc. of yeast suspension was used for each test. The examination 
was carried out according to Durham’s fermentation test with 
glucose solution. 
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There can be no question about the remarkably stimulating 
effect of adding various substances such as amino-acids and other 
extractives to such purified nutrient solutions as were used in this 
work. Where extracts of natural foods are employed, using yeast 
as a test organism with a view to determining by the extent of 
the proliferation of the cells the content of antineuritic substance 
in such extracts, there is always added with the antineuritic 
substance so many others having a favorable influence on the 
growth of yeast that it seems unlikely that the test as carried . 
out by Williams and Bachmann contains any element of specificity. 
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SUMMARY. 


The results of our efforts to cultivate yeast in nutrient solutions 
containing no possible source of the antineuritic factor have 
been of such a nature as to make us seriously question whether 
yeast is dependent on a supply of the antineuritic principle for 
its continued multiplication. Successive seedings with very few 
cells have been carried sufficiently far to reduce the possible con- 
tent of antineuritic substance (‘‘bios,” ‘water-soluble B’’) to 
vanishingly small amounts. 

We have grown quantities of yeast in this purified nutrient solu- 
tion sufficient to furnish from 2 to 5 gm. of dry substance. It 
would seem that but one of two conclusions is admissible; 7.e., 
either yeast must grow without ‘bios’ or it must synthesize 
the substance to meet its own needs (as was believed by Henry (13)). 
Feeding experiments with yeast grown under the conditions de- 
scribed in this paper are contemplated and should yield results of 
unusual interest. 
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THE DETERMINATION OF SODIUM IN BLOOD.* 
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(From the Laboratories of Biological Chemistry of Washington University 
School of Medicine, St. Louis, and Harvard Medical School, Boston.) 
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A knowledge of the amounts of sodium salts in tissues and bio- 
logical fluids is of considerable importance in reaching an under- 
standing of the physiological r6le of inorganic substances. How- 
ever, an adequate study of the variations in the amount of sodium 
in blood, for instance, under different physiological and .patholog- 
ical conditions would be difficult if not impossible by methods! 
now in use. The quantitative determination of sodium by exist- 
ing methods requires the ashing of the material, the removal of 
sulfates, phosphates, iron, calcium, and magnesium, and the 
estimation of potassium in the weighed alkali chlorides. Such a 
long and tedious procedure seriously limits a study of the metab- 
olism of sodium. Another limiting factor is the amount of mate- 
rial necessary for an analysis, at least 15 ec. of blood being required 
for the usual gravimetric method. 

These considerations prompted the search for a shorter method 
for the determination of sodium in smaller amounts of material. 
It seemed essential that some insoluble compound of sodium be 
found which would permit its quantitative precipitation. The 
most promising of the very few sodium compounds having small 
solubility appeared to be the complex sodium cesium bismuth 
nitrite described by Ball (2) and used by him for sodium deter- 
minations. A method based upon the precipitation of this 


* A preliminary report of this method was made at the meeting of the 
American Society of Biological Chemists at Cincinnati, December, 1919. 
1 Kramer (1) has recently described a method for the determination of 
sodium based upon the insolubility of the pyroantimonate. We have had 
no experience with this method, but Kramer’s data indicate that it is a sat- 
isfactory procedure for the estimation of sodium in small samples of tissue. 
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compound has proved to be readily applicable to blood and urine 
and with some modification should be equally serviceable for any 
tissue. The results are believed to be almost as accurate as 
those obtained by the older procedures while the amount of 
material and time required are much less. As small an amount 
of sodium as 0.01 mg. yields a precipitate in a final volume of 
2 cc. None of the ions commonly SCHEIN with sodium inter- 
feres with the precipitation. 

Certainly this method has great promise. The chief. objec- 
tions to it as described by Ball are the formation of a scum of 
bismuth subnitrate during the precipitation of the complex 
sodium salt, and the solubility of the latter in all solvents of the 
precipitating reagent. After many nen we feel that we 
have overcome these difficulties. 

The formation of the scum is probably due to a loss of nitrous 
acid and a consequent decrease of acidity of the solution. We 
find that if the reagent is added to the cold solution of the sodium 
salt, and the flask immediately put in a cold room (1°C.), a seum 
rarely forms within 24 hours. At this temperature the precipita- 
tion of the complex nitrite is more rapid and is generally complete 
in 18 hours. 

All the solutions used by Ball for washing the precipitate in 
order to remove the mother liquor dissolve so much precipitate 
that serious errors are introduced. He attempted to apply a 
solubility correction which would amount to 10 or 15 per cent of 
the precipitate in some of our determinations. However, none 
of the solutions that we have tried was so efficient as the 50 per 
cent acetone in removal of the excess reagent. Consequently 
we have retained it but have reduced the solubility of the precip- 
itate in it to almost zero. The 50 per cent acetone is saturated 
with solid sodium cesium bismuth nitrite at 1°C. The excess 
salt is filtered off at this temperature and the solution used for 
washing. Its temperature probably does not rise more than 2 
or 3° before the washing is complete. 

The method as published by Ball was gravimetric. We have 
been able to show that the nitrite is susceptible of both volu- 
metric? and colorimetric estimation. The nitrite may be oxidized 


Faber and Stoddard (3) have used the sodium method described by 
Ball for the analysis of potassium nitrate. They mention the titration of 


E. A. Doisy and R. D. Bell 315 


to nitrate on titration with standard KMnQ,. 0.1 N perman- 
ganate is suitable since the precipitate from 1 mg. of sodium 
requires 4.35 ec. for oxidation of nitrite to nitrate. 


9 CsNO, °6 NaNO, °5 Bi(NOz); = 30 NO» 
1 gram*molecule (3,753.6 gm.) of the complex nitrite requires 15 grim- 
molecules or 480 gm. of oxygen for oxidation. 


9 CsNO2 > 6 NaNOz* 5 Bi(NO2); 3753.6 7 99 
= = 1.04 


30 X 16 480 


i.e., 1 mg. of O will be required for 7.82 mg. of the precipitate. 
1 mg. of sodium produces 27.2 mg. of complex nitrite. Consequently 


27.2 are ate ; 
—— = 3.48 mg. of O to oxidize precipitate from 1 mg. of sodium. 


3.4 
— = 4.35 cc. 0.1 N KMnO, 
0.8 


(0) 


The colorimetric estimation is based on the coupling reaction 
of Griess (4) using napthylamine and sulfanilic acid. Advan- 
tage is taken of the fact that bismuth salts are soluble in alkaline 
tartrate solutions.. The precipitate is dissolved in alkaline potas- 
sium tartrate, made up to a definite volume, and a suitable sample 
taken. The standard is 0.01 mg. of nitrite nitrogen. The colors 
are developed and read with a Duboseq colorimeter. 


Reagents. 


1. Bismuth Cesium Nitrite Solution.—Although we have attempt- 
ed to improve Ball’s reagent in several ways, we have been 
unsuccessful. It is much less stable at room temperature than 
at 1°C. If kept under an inert gas at 1°C. it is suitable for 
quantitative work for several weeks. 


the precipitate with permanganate but give no data from which one may 
judge of its accuracy. 

The authors are indebted to Mr. Faber and Mr. Stoddard for suggesting 
the possibilities of Ball’s method for the determination of small amounts 
of sodium. 


316 Sodium in Blood 


30 gm. of sodium-free potassium nitrite? are dissolved in about 
60 cc. of pure water. A solution containing 3 gm. of bismuth 
nitrate is added.’ (We keep on hand a 60 per cent solution of 
the crystallized salt in 2 N HNO;.) If a precipitate forms (due 
to excessive alkalinity of the KNO,.), dilute nitric acid is added 
carefully until it redissolves. A strong solution containing 1.6 
gm. of CsNO; and 1 ce. of 2 N HNO; is added. The solution is 
diluted to 100 ce. and dilute nitric acid is used to remove any 
turbidity which may form. At this stage the reagent should be 
a clear orange-yellow. If sodium salts were present in any of 
the chemicals as impurity, the insoluble precipitate which has 
formed at the end of 24 hours is filtered off. The reagent is kept 
under illuminating gas in the cold room. 

2. Acetone—Redistilled and kept ready for use at 1°C. 

3.—A 50 per cent solution of acetone saturated at 1°C. with 
sodium cesium bismuth nitrite. 

For Volumetric Procedure.— 

1, Permanganate, 0.1 N or 0.05 N. 

2. Oxalic acid, 0.1 N or 0.05 nN. 

3. H.SO., concentrated acid diluted with equal volume of 
water. 

For Colorimetric Procedure.— 

1. Alkaline tartrate. Equal volumes of KOH (10 per cent) 
and tartaric acid (10 per cent) are mixed. 

2. Sulfanilic acid, 0.8 per cent in 5 N acetic acid. 

3. a-Naphthylamine, 0.5 per cent in 5 N acetic acid. 


’ Pure potassium nitrite has been a source of considerable difficulty 
which we have finally overcome. The potassium salts on the market gen- 
erally contain large quantities of sodium. Since the nitrite cannot be puri- 
fied by recrystallization, our only recourse was to make it. We have 
examined various samples of carbonate and have found that both Merck’s 
Blue Label and Eastman’s are substantially free from sodium. As an emer- 
gency procedure sodium-free potassium carbonate may be made by recrys- 
tallization of the oxalate. It is dried and ignited in a platinum dish. 

The pure nitrite is made by passing nitrous fumes into a 25 per cent solu- 
tion of sodium-free potassium carbonate. Nitric acid (sp. gr. 1.2) is 
dropped from a separatory funnel into a flask containing arsenious oxide. 
A delivery tube carries the fumes into the carbonate. The reaction is 
complete when the solution in the receiving flask gives off many fine bubbles 
of carbon dioxide on shaking. We generally run nitrite determinations at 
intervals to ascertain whether the reaction is running properly. 
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4. Nitrite standard. Made by recrystallizing AgNO. from 
hot water until free from nitrate. Add NaCl equivalent to the 
AgNO, and filter off silver chloride. Determine nitrite nitrogen 
by Devarda’s (5) method and dilute so that 5 cc. = 0.01 mg. N. 


Preparation of the Material for Analysis. 


When we started our analyses of blood and urine we thought 
that it would be necessary to remove the organic material by 
ashing. We have used both the wet and dry methods. In our 
hands the former has been the more successful. As many of our 
data were obtained on blood ashed with sulfuric and nitric acids, 
this procedure is given below in detail. 

1 ce. of whole blood, plasma, or urine is transferred to a pointed 
Pyrex tube. A few drops of H.SO, (concentrated) and 5 cc. of 
HNO; (concentrated) are added. A low flame which keeps the 
liquid boiling gently is used. The digestion is continued in the 
usual manner until the liquid is colorless. Urine is completely 
oxidized in about 8 minutes but the blood generally takes ? hour. 

As both iron salts and any appreciable amount of phosphates 
interfere with this method of determination of sodium, they 
must be removed from the blood digest. None of the samples of 
urine or plasma analyzed contained sufficient quantities to vitiate 
the analysis. 

The digest of the whole blood is quantitatively transferred to a 
25 cc. volumetric flask with about 20 cc. of water. 1 drop of 
methyl orange and 5 to 6 drops of 4 per cent bismuth nitrate are 
added. A strong solution of potassium carbonate (free from 
sodium) is added dropwise with shaking until the indicator 
changes color. The flask is made up to volume, mixed, and the 
solution transferred to a centrifuge tube. Centrifuging at mode- 
rate speed throws down the insoluble phosphates and iron salts. 


4 These tubes are reclaimed from non-protein nitrogen determinations. 
After a tube has been rendered unserviceable by the phosphoric acid it is 
heated in an oxygen-gas flame and drawn out toa point. The tubes with 
small tips and thin walls stand heating best. The pointed tip provides a 
constant stream of bubbles which promote even boiling. No boiling stones 
are necessary, 
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20 cc. of the supernatant liquid are pipetted into a 50 ce. Erlen- 
meyer flask. This solution is evaporated® on the hot plate to 2 
to 3 cc. and rendered just acid with HNO;. An excess of 0.5 
ec. of 2 Nn HNO; is added and the precipitation carried out as 
described. 

After carefully checking our method on the ashed blood, we 
found that a great deal of time and labor could be saved by 
deproteinization with trichloroacetic acid. Our data (Table I) 
indicate that a dilution of 1:5 or 1:10 is perfectly satisfactory. 

The procedure is as follows. 5 ec. of whole blood or plasma are 
transferred to a 50 cc. flask containing 35 cc. of water, and 5 ce. 
of trichloroacetic acid (20 per cent) are added. The contents 
of the flask are diluted to the mark, mixed, allowed to stand about 
30 minutes, and filtered through a dry paper. 10 cc. of filtrate 
(equivalent to 1 cc. of blood) are pipetted into a 50 cc. Erlen- 
meyer flask and 1 drop of concentrated nitric acid is added. The 
flask, closed with a trap, is heated on a piece of asbestos on a 
hot plate until brown fumes from the acid are evolved. It is 
removed, cooled, and the trap washed off with a few drops of 
water. Precipitation is then carried out as described below. 

Precipitation —The solution is cooled to 10-12°C. and 3 ce. of 
reagent are added for each milligram of sodium expected. The 
flask is stoppered with a two-hole rubber stopper bearing two 
short glass tubes bent at a right angle. One is fitted with a 
short rubber tube with a glass plug, the other with a Bunsen valve 
and plug. Illuminating gas freed from H.S is passed into the 
flask for a few seconds and the plugs are replaced. The flask is 
put in the cold room at 1°C. A yellow crystalline precipitate 
begins to form in a few minutes. Precipitation is complete in 
24 hours, whereas at room temperature 48 hours are required. 
A scum is much more likely to form before the precipitation is 
complete at the higher temperature. 

The precipitate is rapidly filtered on a Gooch crucible which 
has previously been dried and weighed. Washing with the 
ice-cold 50 per cent acetone which is saturated with sodium 


5 We advise the use of a trap in the mouth of the flask to prevent loss 
by bumping. Ours is made by blowing a bulb on the closed end of a small 
soft glass test-tube. A hole is then blown in the side of the bulb which is 
then cut off from the tube. 
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cesium bismuth nitrite is quickly carried out. Speed during the 
filtration and washing is essential for good results. 10 ec. of the 
50 per cent acetone are used; 2 cc. are blown from a miniature 
wash bottle (made from a 10 cc. graduated cylinder) into the 
precipitation flask. The suction is stopped and the liquid poured 
onto the mat. This is repeated four times. 10 ec. of pure 
acetone are used to complete the transfer of the precipitate to the 
Gooch. If the volumetric or colorimetric procedure is used, com- 
plete transference of the precipitate is not necessary. 

The Gooch is dried in an air bath at 100°C. until a constant 
weight is obtained. 


Weight of precipitate X 0.03675 = Weight of sodium in solution 


We prefer to avoid the weighing necessary for a gravimetric 
determination. Incidentally any scum which may have formed 
will cause the gravimetric result to be too high but will not affect 
the nitrite estimation. Very frequently potassium nitrate crys- 
tallizes at 1°. This will also give erroneous gravimetric. results. 
The precipitate is filtered as described on a Gooch crucible and 
estimated either volumetrically or colorimetrically. 

Volumetric Procedure——The Gooch crucible and contents are 
placed in a tall 200 cc. beaker. A large excess of standard per- 
manganate (at least twice the amount necessary for oxidation) 
and enough water to cover the crucible are added. The precipi- 
tate is stirred loose from the crucible and asbestos. 10 cc. of 1:1 
sulfuric acid are poured in while the liquid is being stirred. After 
a few minutes the solution is heated to 75°C., an excess of stand- 
ard oxalic acid added, and the titration finished with perman- 
ganate. A blank must be run on the reagents under similar 
conditions. 


Ce. KMnO, X normal factor X 8 = Mg. O used 
Mg. O X 7.82 = Mg. precipitate 
Mg. precipitate X 0.03675 = Mg. sodium 


Colorimetric Procedure-—For those who prefer a colorimetric 
method we have established a suitable technique. The precipi- 
tate is completely transferred to a beaker and 10 ce. of the alka- 
line tartrate are added. Upon warming, the salt rapidly dissolves. 
The solution is quantitatively transferred to a 100 cc. volumetric 
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flask, cooled, made up to volume, and mixed. A further dilution 
is made so that.a volume containing approximately 0.01 mg. of 
N can be taken for colorimetric comparison. 

The standard and unknown in 100 cc. volumetric flasks are’ 
diluted to about 90 cc. 2 cc. of the sulfanilic acid and napthy- 
lamine solutions are added to each. The flasks are made up to 
volume, mixed, and allowed to stand 20 minutes for the full color 
development. There is a very wide range of proportionality of 
color intensity to the amount of nitrite present. The colors are 
very stable. 

The calculation is simple. 


20 X 0.01 


Sg ER ARN PR EPS ( 1 d 
Unknown reading 8 os sample use 


Suppose the sample was 1 ce. of a dilution of 1: 1,000 then 


Mg. N in sample X 1,000 = Mg. N in precipitate 


9 CsNO2 * 6 NaNO + 5 Bi(NOz); 3753.6 _ a 
30 N 4203 4 


Mg. N X 8.93 = Mg. precipitate 
Mg. precipitate X 0.0367 = Mg. sodium in sample 


We prefer the volumetric method to either the gravimetric or 
colorimetric on account of its greater speed and accuracy. Pos- 
sible contamination of the precipitate with either bismuth sub- 
nitrate or potassium nitrate renders the gravimetric values doubt- 
ful. The colorimetric procedure is open to the usual errors of 
such methods. The red color is very bright and comparison is 
rather difficult. 

In Table I the figures given under ‘‘Indirect’’ were obtained by 
ashing the materia] in a platinum dish. The ash was taken up 
in water, acidified with hydrochloric acid, and the sulfates were 
precipitated. The barium sulfate was filtered off and the filtrate 
made alkaline with ammonia. After the barium phosphate had 
precipitated, an excess of ammonium carbonate was added. The 
precipitate was filtered off and the filtrate evaporated in a plat- 
inum dish. The salts were carefully dried and gently ignited. 
The salts were dissolved in water and tested for complete removal 
of barium and calcium. Generally a small amount of insoluble 
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material was present. 
in a small weighed platinum dish. Evaporation to dryness, and 


ignition were carried out as previously described. 


TABLE I. 
Sodium in Urine and Blood. 


d21 


It was filtered off and the filtrate caught 


* Determination on 0.4 cc. of blood. 


Sodium per 100 cc. 


Source of sample. ; Trichlo- 
Indirect. Pasee Spee 
filtrates. 
mg. mg. mg. 
Urine, normal. 414 403 
407 
e ss 351 349 
341 
si ss 351 348 
343 
Blood, beef. 284 285 
279 
= re 278 268 
270 
- Sy 272 263 
‘ 265 
e 266 265 
- Me 281 272 
275 
283 
Plasma, “ 336 339 342 
343 
Blood, swine. 221 219 
226 
_ *S 206 204 
212* 
. - 217 216 
Se ae 209 212 213 
Plasma, “ 360 358 360 
308 
352 


Method. 


Volumetric. 
Gravimetric. 


Volumetric. 
ce 


(<9 
“ 


Gravimetric. 
“ 


Colorimetric. 
“ 

Volumetric. 

Colorimetric. 


Volumetric. 
“ 


Colorimetric. 
“ 


iT3 


Volumetric. 


The mixed sodium and potassium chlorides were dried to con- 
stant weight and the potassium was determined in the usual 
manner as perchlorate. 


The sodium perchlorate was dissolved in 
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97 per cent alcohol containing 0.2 per cent perchloric acid. Con- 
sequently the results for potassium are possibly a little lew and 
sodium a little high (6). 

Table II illustrates the accuracy to be expected when weighed 
quantities of sodium cesium bismuth nitrite are titrated with 


‘TABLE II. 


Titration of Sodium Cesium Bismuth Nitrite with Permanganate. 


Experiment No. Amount of pure salt. | Amount by titration. Error. 
mg. mg. mg. 
1 62.6 62.0 —0.6 
2 59.3 55.8 +0.5 
3 89.4 88.4 —1.0 
4 515 - 62.1 +0.6 
5 54.1 55.1 +1.0 
6 118.6 118.0 —0.6 
TABLE III. 


Determination of Sodium in Pure Sodium Nitrate. 


Na taken. Na found. or eas Temperature. Method. 
mg. mg. hrs "Gs 
1.0 0.96 44 22 Gravimetric. 
1.0 O08 65 22 Volumetric. 
1.0 0.99 69 22 s¢ 
2.0 1.62 20 22 Gravimetric. 
2.0 2.02 44 22 Volumetric. 
2.0 1.97 44 Wie vl 
2.0 2.03 44 22 st 
2.0 2.04 44 22 Gravimetric. 
2.0 1.85 4 1 Colorimetric. 
2.0 1.92 15 iL ¢ 
2.0 2.04 24 1 
3.0 3.06 44 22 Gravimetric. 
3.0 2.98 24 1 Volumetric. 


permanganate. The volumetric estimation of known amounts 
of sodium salts also throws light on the reliability of a titration 
procedure. 

Table III gives some values obtained by the gravimetric, volu- 
metric, and colorimetric procedures on pure sodium nitrate. 
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Our early work in agreement with Ball’s demonstrated that at 
least 44 hours were necessary for the complete precipitation at 
room temperature. We have found 24 hours to be sufficient at 
1°C. 15 hours at this temperature gave low results. 

Table I shows a comparison of values obtained by the usual 
procedure and by our different modifications of the sodium cesium 
bismuth nitrite method. We think that the results are suffi- 
ciently accurate for most. work but hope to increase their accu- 
racy by a few refinements on which we are now working. 

Attention should be called to the constancy of the amount of 
sodium in the blood of the same species. In the case of both 
swine and beef the maximum variation is only about 7 per cent. 
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A STUDY OF THE DISTRIBUTION OF IODINE BETWEEN 
CELLS AND COLLOID IN THE THYROID GLAND. 


II, RESULTS OF STUDY OF DOG AND HUMAN THYROID GLANDS. 


By HARRY BENJAMIN van DYKE. 


(From the Laboratory of Physiological Chemistry and Pharmacology, 
University of Chicago, Chicago.) 


(Received for publication, November 29, 1920.) 


In the first paper of this series Tatum! described a method 
whereby thyroid cells may be separated from colloid material 
and examined chemically. Briefly the method consists in cutting 
frozen sections of the thyroid gland and floating these sections 
on Ringer’s? solution. The colloid material immediately drops 
out of the acini and is presumably dissolved in the Ringer’s solu- 
tion. The cells may then be separated by centrifugalization, 
dried, weighed, and analyzed. Comparisons between the iodine 
content of cells so separated and the iodine content of control 
pieces of unsectioned whole gland may indicate the distribution 
of iodine between cells and colloid under different functional 
conditions. 

In this paper I wish to report the results of a study, suggested 
by Dr. A. L. Tatum, of the distribution of iodine in the thyroid 
glands of normal and iodine-fed dogs as well as in human glands 
obtained from individuals subjected to operation for toxic goiter. 
The method earlier described by Kendall? was used in making the 
final iodine determinations. 

Incidental to the determination of the iodine distribution in 
dog and human thyroid glands, some control experiments were 
performed relative to the alterability of the intracellular iodine 
concentration during the process of cutting. It may be argued 
that a portion of the iodine-containing compound diffuses from 


1Tatum, A. L., J. Biol. Chem., 1920, xlii, 47. 
2 Campbell, J. A., Quart. J. Exp. Physiol., 1911, iv, 1, Formula ‘‘A.”’ 
3 Kendall, E. C., J. Biol. Chem., 1914, xix, 251. 
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cells as they lie suspended in Ringer’s solution during the sepa- 
ration of the colloid material. If it is assumed that such an 
outward diffusion takes place, it seems reasonable to expect that 
the iodine compound should diffuse back into the cells if we should 
increase the concentration of that iodine compound in the Ringer’s 
solution in which the cells are suspended. Several experiments 
like those given in Table I were undertaken to determine whether 
or not the iodine content of the cells could thus be increased. 


TABLE I, 


Effect of Floating Cells on Pure Ringer’s Solution and on Ringer’s Solution 
on Which Cells of an Iodine-Rich Gland Had Been Floated. 


. Tat Ratio of 
ee Weight Iodine W sieht Iodine perpentace ‘i: 
nima in in iodine in cells 
No mnale whole eel, cell |to percentage of Remarks. 
ay gland used, | ™ass. iodine in 
whole gland. 


mg. |percent| mg. |percent 


14 | 146.0} 0.187) 40.5) 0.017 0.091 Cells floated on pure Ring- 
er’s solution. 

53.0] 0.017 0.091 Cells floated on Ringer’s 
solution on which previ- 
ously cells of iodine-rich 
gland had been floated. 


~ 


20 | 287.2} 0.030) 161.5} 0.005 0.167 Cells floated on pure Ring- 
er’s solution. 

151.0} 0.006 0.20 Cells floated on Ringer’s 
solution on which previ- 
ously cells of iodine-rich 
gland had been floated. 


It may be seen from the data given in Table I that no increase 
in the iodine content of cells could be brought about. by increas- 
ing the concentration of the characteristic iodine compound in 
the Ringer’s solution. 

Again the iodine concentration of the cell mass does not seem 
to be in the least altered whether or not the freshly centrifugalized 
cell mass is washed several times with iodine-free Ringer’s solution. 

Moreover, in the attempt to find a suspending medium more 
nearly related physicochemically with thyroid cells than is Rin- 
ger’s solution, I have used fresh dog serum and have not found 
the iodine content of the cells measurably different from that of 
control cells suspended in Ringer’s solution. 
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Finally autolysis does not seem to be much of a factor in the 
loss—if any occurs—of iodine compounds from cells as they lie 
in contact with Ringer’s solution. Throughout the process of 
cutting and separating the cells, the reaction of the suspending 
medium should remain weakly alkaline—a reaction which has 
been shown to be unfavorable to autolysis. Also in experiments 
to be reported later in which the same technique was used under 
slightly different conditions, every effort was made to eliminate 
autolysis by cutting successively small portions of the gland and 
floating the cells on Ringer’s solution cooled by ice. The cells 
from the small portions cut successively were at once centrifu- 
galized and dried. No change could be noticed in the iodine 
distribution. 


Results of Study of Dog Glands Taken at Random. 


TABLE II. 
Quantitative Determination of Iodine in Whole Gland and in Cells Free from 
Colloid Material of Thyroid Glands of Normal Dogs. 


: : eee ge Morphology. 
Animal | oy get, | Iodine | Weight | todine | of iodine in 
We fren | real |) aes | eet eels | 
used. s used a ere sat Cells. Colloid. 
whole gland. 
mg. per cent mg. per cent 
5 550.0 | 0.25 154.0 | 0.031 0.124 Flat. Fair. 
6 388.0] 0.175 | 265.0 | 0.027 0.154 4 Rich. 
10 480.0 | 0.017 | 342.0] 0.003 0.176 Cuboidal. | Poor. 
ii 505.5 | 0.032 197.5 | 0.005 0.156 % pe 
12* 278.7 | 0.006 | 286.5 
13 689.0 |} 0.2384} 154.0} 0.047 0.201 Flat. Fair. 
14 146.0 | 0.187 40.5 | 0.017 0.091 < cs 
19 474.5 | 0.024] 116.0 s Poor. 


20* 287.2 | 0.030 | 161.5 | 0.005 0.167 
21* 604.7 | 0.038 | 189.0} 0.006 0.158 


23 458 .2 0.0038 | 390.4 Cuboidal. | Poor. 
24 318.7 | 0.021 | 295.4 66 ee 
31 513.8 | 0.055 | 205.6 | 0.008 0.145 Ks as 


32* 235.2 | 0.179} 103.9 | 0.037 0.207 
33 289.3 | 0.011 | 538.31 0.002 0.182 Flat. Poor. 


* No histological examination. 


4 Bradley, H. C., J. Biol. Chem., 1915, xxii, 118. Bradley, H. C., and 
Taylor, J., J. Biol. Chem., 1916, xxv, 261. 
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From the results given in Table II one sees that the ratio of 
iodine concentration in cells to iodine concentration in whole 
gland (and hence the ratio of iodine concentration in cells to 
colloid-iodine concentration) has a quite constant value. In 
some glands (Nos. 12, 19, 23, and 24), to be sure, the iodine con- 
tent of the cell mass analyzed was so low that no ratio value 
could be obtained. But in general, despite great variations in 
the iodine content and morphology of the glands analyzed, the 
ratio values change relatively little. These findings in the dog’s 
thyroid gland are similar to those of Tatum! in the beef, pig, and 
sheep thyroid glands. A comparison of the ratio values in dif- 
ferent animals is given below. 


Effect of Feeding Iodine. 


It was thought that perhaps ratio changes could be induced by 
the administration of iodine or iodine compounds. Capsules 
containing 1 gm. of potassium iodide or 2 drops of tincture of 
iodine in starch were fed over varying periods of time. No more 
than one capsule was given in 24 hours. The results of the 
examination of the glands of animals so treated are given in 
Table III. 

The ratio obtained from analyzing the cells and whole gland of 
the thyroid glands of animals which had received varying amounts 
of iodine or iodine compounds over periods of no less than 3 days 
is practically the same as that of the animals which had received 
no iodine. One gland (that of No. 16) gave an unusually high 
value which I cannot explain. In view of the variations in mor- 
phology and iodine content of the glands of the normal series 
together with the quite constant ratio exhibited by that series, 
it is not surprising that the ratio still remains constant despite 
the feeding and consequent absorption of iodine. From a con- 
sideration of the glands examined it appears that the ratio is not 
altered by the feeding of iodine as potassium iodide or free iodine 
over periods of time ranging from 3 days to 3 weeks; and yet 
the total iodine content of these glands undoubtedly is greatly 
increased during that same period. 
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TABLE III. 
Quantitative Determination of Iodine in Whole Gland and in Cells Free from 
Colloid Material of Thyroid Glands of Iodine-Fed Dogs. 


Period of feeding. Ratio of 

Dereenne 

PAni- eight Iodine yore Iodine jaginea 

‘mal | Form of iodine. On whole Sele cell call Bae ts 

No. Daily. alter-|-Totai.| 2!@nd | cland. | ™28S | mass. | age of 

nate used used todined 

aiys* iodine in 

whole 

gland. 

days | days | days mg. | percent| mg. | percent 

2h sli 14 0 14 98.2) 0.31 77.7| 0.045) 0.145 

7 ARIE 14 th 21 | 147.0} 0.12 | 113.0} 0.031) 0.258 

8 | KI 14 | 7 21 | 124.5} 0.87 | 125.0) 0.080) 0.092 

Oi kal 14 | 2 16 | 353.5} 0.251] 116.0} 0.040) 0.159 

16 | KI 12 0 12 | 651.4) 0.319) 316.1) 0.117] 0.367 
17 | KI 12 0 

minchate OL 12 0 24 | 646.5} 0.617) 302.3] 0.083} 0.134 

Pal ed ‘Syke 3 0 3 | 556.1] 0.302} 332.8] 0.046) 0.152 

29 oe othe 3 0 3 | 195.2) 0.314) 158.6) 0.089! 0,124 

30 ss ee) Ip 3 0 3 | 163.3] 0.357] 127.5) 0.041} 0.115 


* After feeding daily. 


Human Glands. 


The distribution ratio of iodine between cells and colloid mate- 
rial was determined in thirteen human glands obtained from 
operative cases.2 In Table IV are given the results of the anal- 
yses of the human glands together with the clinical diagnosis 
made in connection with ten of the cases. 

It will be seen that most of the thyroid glands reported were 
clinically diagnosed as toxic goiters. Considerable variations in 
the ratio value occur and do not appear to be related either to the 
iodine content of the gland or to its morphology. The ratio | 
value of No. 22 is inexplicably high. In the human gland 
series, however, as in other gland series previously reported, the 
ratio variations are of a much smaller magnitude than the varia- 
tions in total iodine content. So here too the ratio is fairly 
constant despite variations in morphology and iodine content. 


’ Through the courtesy of Dr. C. B. Davis and Dr. A. D, Bevan of the 
Presbyterian Hospital, Chicago, and of Dr. A. J. Ochsner of Augustana 
Hospital, Chicago. : 


330 Distribution of Iodine in Thyroid Gland. II 


i) 
bo 


| Series No. 


| 
25*|600 .2/0.274'308 .6 


411 .0|0.276|240.7 
671.8/0.286)179.2 
439 .7/0.158/219.9 


377/667 .5/0.092/258 . 4 


578 .6|0.079|191.7 


397/516. 0\0.279|297 .6 


40 


41 


469 .2|0.345)|225.5 


559 .2\0 .280/187 .0 


48*|549 9/0. 043)/312.4 


607 .3|0.044/311.3 


49*|590.7/0.137|256.0 


ol 
60 


204.5 
731.4/0.283)/294.4 
370.0/0. 152/228 .0 


Iodine in cell 
mass 


per cent 


& Y = 

A Rae Dee 

Sel et Wom 

SE | st | B32 

OS | os | OS 

CoM) —) og 

S = = 

per 

Tg, cent ig 
284.'7/0.081|260.8} 0.049 


0.105 
0.098 
0.051 
0.020 
0.027 


Trace. 


0.095 
0.066 


0.067 
0.005 
0.005 
0.026 
0.027 
0.072 
0.015 


TABLE IV. 


Quantitative Determination of Iodine in Whole Gland and in Cells Free from 
Colloid Material of Human Thyroid Glands. 


dine in whole 


age of iodine in 
cells to per- 
centage of io- 
gland. 


Ratio of percent- 


0.605 


0.383 
0.355 
0.178 
0427. % 
0.293 


0.341 
0.191 


0.239 
0.116 
0.114 
0.189 
0.197 
0.254 
0.099 . 


* Duplicate determinations made. 
t No histological examination 


Morphology. 


Cells. 


Cuboidal. 


Flat.’ 


Flat. 


Cuboidal. 


Cuboidal. 


Flat. 


“ 


Cuboidal. 


Cuboidal. 


Flat. 


“ 


Colloid. 


Diagnosis. 


Colloid 
goiter 
toxic 
toms. 

Mild exophthal- 
mic goiter. 

Toxic thyroid. 
“goiter. 

Colloid goiter. 


“cc “cc 


cystic 
with 
symp- 


following par- 
enchymatous 

hyperplasia of 
exophthalmie 
goiter. 


Exophthalmie 
goiter. 


Exophthalmic 
goiter. 
“ec “ 
Cystic goiter 
with toxic 
symptoms. 
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Comparison of Ratio Value in Different Animals. 


A comparison of the ratio values of the thyroid glands of the 
different: animals so far examined is given in Table V. The few 
abnormally high and unexplained ratio values are not included in 
the table. 

From what data are available there appear to be some differ- 
ences in the thyroid glands of different animals in the numerical 
value of the ratio of the percentage of iodine in cells to that in 
whole gland. The ratio value of iodine distribution for dog 
thyroid glands seems to be consistently lower and more constant 
than that for the thyroid glands of the other animals studied. 


TABLE V. 
A Comparison of the Value of the Ratio of the Percentage of Iodine in Cells 
Free from Colloid Material to the Percentage of Iodine in Whole 
Gland in Different Animals. 


Extremes of Ratio values. 
Animal. iodine content 
of whole gland. Extremes. Mean. Average. 
per cent 
Bee le mnchanee. chien cae eae 0.023-0.468 | 0.21 —0.48 0.35 0.36 
NB) ie Pca co teetes al taeea see 0.011-0.870 | 0.091-0.258 | 0.175 0.154 
NVA eee Paes cco ae ser ans ier aloc er scores 0.0438-0.345 | 0.099-0.384 | 0.242 0.22 
ioc aice Ges Gla a oc hOnoti—OsolOn R020) —Ox54 0.27 0.27 
Sheep*....:.............| 0.089-0.442 | 0.23 -0.41 0.32 0.33 


* Tatum.! 
+ Only two glands analyzed. 


SUMMARY. 


1. The method described by Tatum! was used to determine 
the ratio of the percentage of iodine in cells to the percentage of 
iodine in whole gland in the thyroid glands of normal and iodine- 
fed dogs as well as in human thyroid glands obtained from opera- 
tive cases. 

2. Evidence is presented indicating that the concentration of 
intracellular iodine is independent of the suspending medium, 
whether that is pure Ringer’s solution, Ringer’s solution containing 
iodine-rich colloid material, or homologous blood serum. 
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3. The ratio value was found to be relatively constant despite 
great variations in the morphology and iodine content of the 
glands examined. The ratio value for the dog’s thyroid gland 
seems quite constant and is much lower than that of the beef or 
sheep. 


STUDIES ON EXPERIMENTAL RICKETS. 


I. THE PRODUCTION OF RACHITIS AND SIMILAR DISEASES IN 
THE RAT BY DEFICIENT DIETS. 


By E. V. McCOLLUM, NINA SIMMONDS, ano H. T. PARSONS, 


(From the Laboratory of the Department of Chemical Hygiene, School of 
Hygiene and Public Health, Johns Hopkins University, Baltimore.) 


AND P. G. SHIPLEY anp E. A. PARK. 
(From the Department of Pediatrics, Johns Hopkins University, Baltimore.) 
PLATES 2 AND 3. 


(Received for publication, October 26, 1920.) 


Students of the etiology of rickets have advanced the most 
diverse views to account for its occurrence. Heredity, dietetic 
factors, faulty hygienic conditions, infections of a microbial or 
other nature, and disturbances of the endocrine glands have all 
been incriminated as the causative agents. 

In the conduct of nutritional experiments on the rat which 
have been carried on by the members of the Department of 
Chemical Hygiene of the Johns Hopkins University for more than 
a decade, it has been the custom to autopsy all animals which 
have died from any cause. In the course of these routine autop- 
sles pathological conditions of the skeleton, viz. enlargement of 
the epiphyseodiaphyseal junction, fractures of the ribs, enlarge- 
ment of the costochondral junctions and vertebral ends of the 
ribs, abnormal spinal curvatures, etc., have been observed repeat- 
edly and have been regarded as evidences of rickets. Other 
problems prevented for a time any effort at intensive study of 
the nature of the factor or factors which operate to produce 
these conditions. There was never any room for doubt that the 
diet was the sole determining factor in the etiology of the lesions 
in question, for the entire colony of approximately 2,000 animals 
lived under identical conditions except for those related to the 
composition and source of their food. 

3383 
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Although the members of the Department of Chemical Hygiene 
were of the opinion that the skeletal malformations found in 
their rats were the result of rickets, it was not possible for them 
alone to arrive at definite conclusions owing to a lack of the 
necessary pathological experience. It so happened that the 
Department of Pediatrics had been engaged for a number of 
years in the study of rickets from the chemical and pathological 
standpoints and had already conducted experiments with a view 
to the production of rickets in animals. It seemed advisable, 
therefore, for the two departments to unite in a cooperative study 
concerning the origin and nature of the lesions which had been 
produced in the rat as the result of the varied and presumably 
insufficient diets. In this undertaking the Department of Chem- 
ical Hygiene is responsible for the planning of the diets which 
have produced the disease, and their administration, the care 
of the animals, and the interpretation of the nature of the faults 
in the food mixtures themselves. The Department of Pediatrics 
has assumed the responsibility for the determination of the exact 
nature of the pathological processes and has undertaken the inter- 
pretation of them in the light of human osteopathology and 
in so far as it is possible the correlation of the osteo- and organo- 
pathology to the dietary defects. ach department has utilized 
the information gained from the other so as to plan most effectu- 
ally for future experiments. 

The present paper, the first of a series, has for its purpose the 
presentation of certain faulty diets which when fed to the young 
rat produce several disturbances in the growth of the skeleton 
which have in common fractures, enlargement and distortion of 
the costochondral junctions, vertebral deformity, the over- 
production of osteoid tissue, and irregularities in the calcifica- 
tion of the intercellular substance of the proliferative carti- 
lage or absence of lime salt deposits from the matrix of this tissue. 
Administration of some of these diets to young rats results in 
the development of pathological changes in the osseous system 
which are identical with those found in the bones of rachitic 
children. Others of the dietary formulas used caused changes in 
the bony and cartilaginous skeleton which bear a close resem- 
blance to those found in human rickets but can only be said to be 
similar and not identical with this condition. One of these diets 
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causes in the second generation of rats maintained upon it an 
extreme degree of osteoporosis with multiple fractures but with 
relatively slight irregularity in the calcification of the cartilage. 

The study which we have undertaken is a most compre- 
hensive one. It has already involved the feeding of several basal 
rations of a faulty nature supplemented by the addition of single 
and multiple purified food constituents. This plan originated in 
the Laboratory of Chemical Hygiene and has been employed for 
some years in that laboratory as an effective biological method for 
the analysis of the nature of the deficiencies of the various natural 
foodstuffs. More than 300 modifications of diet have been 
effected in producing the rachitic and the related pathological 
conditions in the skeleton of the rat, and in demonstrating the 
nature of the faults in the food mixtures. The work of making 
histological examinations of the rats representative of all the 
experimental groups has been most time-consuming and is as yet 
far from being completed. 

The present paper is a preliminary communication. We 
reserve for later papers, therefore, descriptions of the diets and 
growth curves and the exact pathological conditions produced in 
the skeleton by each of the diets in question. 

In order to appreciate the view we have come to hold relative 
to the etiology of rickets, the following diets are described and 
the nature of the defects is pointed out. 


No. 2249. 

per cent 
Wiholenwheat kernel: trench cc sles mia einen ee 30.0 
CRUMP TIUANIZG, | SPU) Hern hele ac alam koe aes re TR 20.0 
IGMsBeGeTICe Ss 3), Lotro othe Soa on Ro ase baie Det LOO 
POMC OA US Rept coca tees ones Re re ee re ee RS 
Spee pee css aay Ae ond dial dane aie Ee Eee 12.0 
LAV DSTY? 4 OEIC nn eee aR Sa MREUEE DSS. wr 12.0 
INSIENC Oe «3. eMahial/ajialta/leaeisislelioiais:'si/eseNe (eels is elalel eNarctatuveteteheieenlatstatelete ts 1.5 
INDO ote 7 GENO Gi eae ES d=: EE he 8 a 1.0 


This diet is faulty in that it contains decidedly less than the 
optimum of both the dietary factors, fat-soluble A and calcium. 
It is by no means free from either of these essentials. The qual- 
ity of the protein while not of the best cannot be a factor of 
importance in inducing malnutrition on this diet. 
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No. 2581. 
per cent 
Beef liver (steamed:and-drief)io......5-.......+. 00s 20.0 
Waseins Fe Le ae een ee ties Ce a ab ate ee 10.0 
NSO. Se, de RE A es a deo oa ee 1.0 
FG Da ns carat ote has wie LS aa Se ee 8G see os 1.0 
Wexhhin. “3405. Sos bees Se eee ERs wns, 0s Se 65.0 
Butter tats. < ies o ocscsopcte ee chee rer AIC Peo ese, sos. 07s |< «00 3.0 


This diet contains an abundance of protein of good quality and 
all the inorganic elements necessary for the normal nutrition of 
the rat except calcium, which is present in very small amount. 
It is rich in fat-soluble A and contains a fairly liberal amount of 
water-soluble B. This diet contains a considerable excess of 
potential acidity. Low calcium and acidity (after catabolism) 
are the only known faults in this food mixture. 


Nos. 2661 and 2677. 


per cent 
PROMS Oats cio sucess xc chectene eet cota oe tide i 40.0 
Blaxseed ol meal: 2.02%. Cock swi ec cere coe bane eee 8.3 
Nal bier see AA RS Ait ae AR Se EE ENS Lo Soins 1.0 
CaS On rs ce oS shee, On ee 15 
Dextrin 34... < facex<jelethteles Sete hogs Sa 5 Eb ee oe 49.2 


This diet is satisfactory for fairly good growth in the rat when 
supplemented with 5 per cent of butter fat. It has but one seri- 
ous fault therefore; viz., lack of fat-soluble A. Its proteins are 
not of a very high biological value but the two seeds when sup- 
plemented as they are in this diet with NaCl and CaCO; are 
capable of supporting good growth. 


No. 2638. 
per cent 
Whole wheat-keriel’. >... 222 eee ee eee 30.0 
C6 piste’ oy SEES" Tor rt nk Re Cee ee he a ee eee 30.0 
POLISH eO TICE ee ae et eerie Iie ess 10.0 
Rolled’ oats cs a ee is eer cL choles ee ee 10.0 
PGA sm coc os asd la abe sede rane io: RRL Slee, eae Ebi eal tay sr tre 10.0 
Navy beans 001 Soe ven cca cit ie ree ola ene gtetne.« «tana 10.0 


This diet of cereals and legume seeds is poor in Ca, Na, and Cl 
ions and also poor in fat-soluble A. Its ash is somewhat acid. 
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No. 2738. 
per cent 
Wilktalenwilieatmkenme letra ocr cisidcise ape) cr ane oiias Ge eersteton 30.0 
CSSD E117 A aM Itc Tes rare ei ea nes GSES os oo) eos above s ahePoiows <l ol Mera 19.5 
Polished rice. ...... “ata BEN nm eu NE, ARE ee aries em eee 9.5 
EVOL CNG GS eee ees etsy as esas chor HIS oo carers sd ove, alec ahem oh 8.5 
TRUSGNERS i od By SGI On ERE RED OR DSRS OE te SU eat SR eR 8.5 
RMI Premier ray hc eee aah ids Gale ae os 8 8 ee, Bel ReM 8.5 
TReiuaG! Suselke (ose ets Some oRe ae Sie err Aer Coe raeerEe 10.0 
INfAGhs, 6 a o's CRS Ee RS RRS th a OIRO Lan oon neo I ane, Seen oe 1.0 
INSEICOes oes: 5: ReoPei ceed Suswedsy sioacneMe circ) omebiaiede! day ariclels ie. s)\<teltelisuel’=) sys) oastel elie 15, 
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Ration 2733, which is essentially the same as No. 2810 but with 
1.5 per cent of sodium bicarbonate in place of the dextrin and 3.0 
per cent of cod liver oil in place of the butter fat, enables the 
animals to develop in what appears from their growth curves 
and external appearance to be a fairly normal manner. The 
animals so produced have very poor skeletons, however, and the 
females frequently suffer complete breakdown and death when 
they attempt to nurse the young. 


No. 2810. 

per cent 
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OMe ME OM US re ceac sory Meer E Ne toe i a One TAC Eure ote eter er eneicke 9.5 
LETS ISR ie TCE NEP attn BRI URE S-APSY Cron Glee IVD, NEE Saban 9.5 
Navy beans...... Pepe see Sree PEON en PRR AR Atos Ss tha yaeebere cue eae 9.5 
ound tsteale: (DEG wie Ree pes creer cm tots a ctpaie Rost ald nates 10.0 
TNE GI be late gan es ai ce AP ches KEM 77M BEART EEE le Yl 10) 
DERE RI Mae i) ok AAS Fp sc Sika oS Tero ee ee ee 1h 
mG ber state xs saya tener Bs ie ured cit eae eee eee 5.0 


This diet of cereal grains, legume seeds, steak, sodium chloride, 
and butter fat is satisfactorily constituted for the nutrition of the 
rat except for its low calcium content. When supplemented 
with 1.5 per cent of calcium carbonate, growth is normal and 
health is maintained over a long period of adult life. Successful 
nutrition of five successive generations of a family of rats has 
been secured with this food. Without the calcium addition, 
notwithstanding a high content of butter fat, normal calcifica- 
tion in the bones does not take place. 
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per cent 
Bolted fonr:.* ss a: ke eee ee es St ee 30.0 
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Ration 2811 contains three degerminated products, wheat flour, 
corn-meal, and polished rice. These are degerminated and 
decorticated products of the endosperm. The oats, peas, and 
beans represent the entire seeds. The diet is too low in calcium, 
fat-soluble A, and protein, and failure of nutrition on this diet is 
due to these factors which are enumerated in the order of their 
importance. 


No. 2816. 
per cent 
oll ed! Gata: his. odin es 8 cing ME ORS ERR ne ee 40.0 
Gelatin. eR Ee RA AS 8 ccc 10.0 
Salts (No. 185) . shang Sie ays ae ahere Siam Gls 6 ses Oa eee Sed 
Dextrinisti. dates ac Chis sied oat.a eae oslae NA eee Pe 46.3 


Ration 2815 is satisfactory except in that it is very poor in fat- 
soluble A. The protein is of good quality and the salt mixture is 
of such a nature as to supplement the deficiencies in the kernel. 


No. 2869. 

per cent 

Whole wheat: kernels. -.-o 5.56 acetals o.o fo sos A ee 28.0 
Sh maze SE 0 Seo AEA han Nord ean otibe wh wines alco a eee 20.0 
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ORC ORE oa. opus, Fw Ok See SR CR AEE a RE aie COR 3.0 


This diet is too low in fat-soluble A and too high in calcium. 
When fed with 2 per cent of cod liver oil the above diet induces 
normal development of young rats. 
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Ration 2883 is satisfactorily constituted except for an extremely 
low calcium content. Liver is rich in fat-soluble A but in addi- 
tion the diet contains 2 per cent of cod liver oil which is extremely 
rich in this factor. 


“No. 2911. 
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Ration 2911 consists of cereals and legume seeds supplemented 
with sodium chloride, sodium bicarbonate, and butter fat. In 
all cases the entire seed was used except rice, which was polished. 
The limiting factor in this diet for the nutrition of the rat during 
growth is the calcium content, which is too low. This food mix- 
ture with 1.5 per cent of calcium carbonate added is a fairly 
satisfactory diet for the nutrition of the rat throughout life. The 
protein is not of the highest quality but is sufficiently good to 
make possible normal development. The ash of any seed is acid 
and when seeds are metabolized there results an excess of acid 
ions in the body. Sodium bicarbonate is added to neutralize 
this acidity.! 

Each of the diets described produces in young rats disturbances 
in the growth and formation of the skeleton. Each of these 


1 In all cases our rations were fed finely ground and so mixed that the 
individual ingredients could not be picked out and eaten separately by the 
experimental animal. 
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diets, when fed supplemented with purified food additions to make 
good the deficiencies noted in the descriptions of each, is capable 
of inducing approximately normal nutrition and normal skeletal 
growth. With these factors corrected there is in no instance 
any evidence from the general appearance of the animals of the 
deformities so characteristic of. those restricted to the formulas 
as given in this paper. 

The present discussion, as we have said above, is of necessity 
a preliminary communication and we are not now willing to 
hazard any statements in regard to the factors operating to pro- 
duce rickets in the child or the experimental animal. It might 
seem from a perusal of the diets here discussed (representative 
of more than 300 formulas) that the cause of these diseases might 
lie in a deficiency of fat-soluble A or calcium in the food, or a 
disturbance in the metabolism of these factors. Many years ex- 
perience with feeding experiments, however, have demonstrated 
to us how dangerous it is to draw conclusions from apparently 
obvious experimental data. Any suggestions regarding the 
absence of a specific antirachitic substance or deficiency of either 
fat-soluble A and calcium as the primary agent in the production 
of rickets would be ill considered and might be far from the truth. 
At present it is only possible to say that the etiological factor 
is to be found in an improper dietetic regimen. The large 
variety of dietary formulas the administration of which results 
in rickets and kindred affection gives abundant evidence of the 
complex nature of the causes operating in the production of the 
disease, and we shall attempt the presentation of their analysis 
in later papers. 
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EXPLANATION OF PLATES. 


h, costochondral groove; cc, costochondral junctions: cv, costovertebral 
junctions; f, fractures; d, shaft; met, metaphysis; os, calcified bone; 0, 
osteoid tissue; c, epiphyseal cartilage; m, bone marrow; dia, diaphysis; 
ep, epiphysis. 

PLATE 2. 


Fic. 1. Rachitie rat (R) contrasted with a normal animal (N) of the 
same age and sex (219 and 204 days respectively). The rachitic animal 
weighed 100 gm., the normal animal 295 gm. 

Fig. 2. Pleural surface of the thorax from a case of severe experimental 
rickets showing the extreme enlargement at the costochondral junctions. 

Fig. 3. An extreme case of experimental rickets. Cross-section of 
thorax at the level of the fifth costochondral junction. The cavity of the 
chest is almost completely divided into two parts by the bowed ribs and 
the enlargement of the costochondral junctions. Nearly the entire lungs 
were forced into the posterior chamber, the heart occupying the anterior 
chamber of the thorax. This section shows.how much more marked the 
costochondral enlargement is on the pleural than on the external surface 
of the thoracic wall. 

Fia. 4. Rachitic kyphoscoliosis. This picture shows also the enlarge- 
ment of the ribs at the costovertebral junctions. 

Fia. 5. Pleural surface of thorax from a case of experimental rickets to 
show multiple spontaneous fractures (healing) along the ribs. 


PLATE 3. 


Fra. 6. Photomicrograph of a section through the distal epiphysis and 
shaft of femur of a rat with experimental rachitis. The picture shows the 
overgrowth and irregular invasion of the epiphyseal cartilage, the presence 
of a metaphysis, and the overproduction of osteoid tissue. X 250. 
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STUDIES ON EXPERIMENTAL RICKETS. 


II. THE EFFECT OF COD LIVER OIL ADMINISTERED TO RATS 
WITH EXPERIMENTAL RICKETS. 


By P. G. SHIPLEY anp E. A. PARK, 


(From the Department of Pediatrics, Johns Hopkins University, Baltimore.) 


AND E. V. McCOLLUM, NINA SIMMONDS, anv H. T. PARSONS. 


(From the Laboratory of the Department of Chemical Hygiene, School of 
Hygiene and Public Health, Johns Hopkins University, Baltimore.) 


PLATES 4 AND 5. 
(Received for publication, October 26, 1920.) 


For many years it has been thought as the result of clinical 
experience that the administration of cod liver oil in rickets 
exerted a favorable influence on the course of the disease. Dur- 
ing the past 15 years studies made on the metabolism of children 
suffering from rickets has made it reasonably certain that the 
administration of cod liver oil alters the calcium balance in such 
a manner that calcium will be retained in the body. The natural 
inference from both clinical observation and metabolic investiga- 
tion was that cod liver oil increased the capacity of the skeleton 
to take up or hold calcium. The object of the experiments 
reported in this paper was to furnish direct proof that cod liver 
oil causes calcium salts to be deposited in the bones. 

We were already familiar with the observation of Schmorl 
that, when healing occurs in the rachitic skeleton of the human 
being, the initial deposition of calcium at the cartilage-shaft 
junction of the long bones takes place not throughout the rachitic 
metaphysis or at random in it but on the epiphyseal side of the 
metaphysis in that zone of the proliferative cartilage in which 
calcium deposition normally occurs and presumably would have 
occurred had rickets never been present. Calcium deposits in 
the cartilage are easy to demonstrate by histological methods and 
the initial deposit in healing rickets, as seen in the sections taken 
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longitudinally through the cartilage-shaft junctions, is situated 
in the lower part of the proliferative zone of cartilage. The lime 
salts are laid down along a line crossing the bone at right angles 
to its longitudinal axis and roughly paralleling the upper border 
of the proliferative zone, forming in the properly stained specimen 
a picture which cannot well be mistaken. Previous experience 
with the rat had taught us that by the use of faulty diets, especially, 
certain diets deficient in the so called fat-soluble A or in both 
that substance and calcium, the cartilage and adjacent portions 
of the metaphysis of the long bones of the extremities could be 
rendered entirely free from calcium deposits and a condition identi- 
cal with the rickets of human beings be obtained. A mode of 
approach to the problem at issue therefore appeared clear. If 
cod liver oil possessed calcium-depositing properties there seemed 
every reason to suppose that when added to the faulty diets of 
the rats whose epiphyseal cartilages and adjacent portions of the 
metaphyses had been rendered calcium-free, a lime salt deposit 
would be produced so characteristic as to have almost specific 
significance. 

With the object of putting cod liver oil to the biological test 
fifteen young rats were placed on two deficient rations, Nos. 2677 
and 2638. Eight animals were fed on Diet 2677 which, as will be 
seen from the formulas in Table I, is low in the fat-soluble A, 
and seven were placed on Diet 2638 which is a formula low in Ca, 
Na, and Cl ions, as well as in fat-soluble A. The administration 
of these diets it was hoped would render cartilage and the adjacent 
portion of the metaphysis entirely free from calcium salts. 

The young rats listed as having received Diet 2638 may be 
said to have been on.a deficient formula from their birth since 
the mother rats were maintained on the defective diet throughout 
the major part of the lactation period. Both lots of rats were 
maintained for from 50 to 80 days on the faulty rations. 

Following the administration of the faulty diets the experi- 
mental-animal ceased to gain, began to lose weight, and became 
extremely irritable, reacting to any stimulus with violent activity. 
About 40 days after the commencement of the administration of 
the faulty rations it was noted that those animals on Diet 2677 
were beginning to develop xerophthalmia, which is characteristic 
for animals fed on diets deficient in fat-soluble A. When the 
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condition of the animals had become such as to make it evident 
that life could be sustained only a few days longer, they were 
considered ready for the test administration of cod liver oil. 
To the food of four of the rats on Ration 2677, cod liver oil was 
added in such proportion that 2 per cent replaced 2 per cent of 


TABLE I. 
is Sal oars 3, 
z Diet and principal deficiency. E ea By Bg EE 
ar ae come) oF 2S a4 
Zz. = baal a= ikl lak shu iis taal ets 
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Low in calcium, sodium, and 
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soluble A. When cod liver 
oil was added to the diet 1 per 
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277 & | Ration 2677: 100 56 82 0 
DiStmoOm | Divolledioatshews sea alter 40.0 | 110 41 2, 64. aia 
298 @ | Flaxseed oil meal........ 8.3) ) 125 pill 4 fa + 
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325 o& | Low inthe fat-soluble A. When | 160 84 125 0 
326 of cod liver oil was added tothe | 160 77 7 ile 0 
diet 2 per cent replaced 2 per 
- cent of dextrin. 


the dextrin in the ration. This modified formula was fed to the 
four animals for 2, 4, 7, and 8 days, respectively. To the food of 
the other four rats no cod liver oil was added and they were pre- 
served as control animals. Of the seven rats on Ration 2638, 
three were selected as test animals. Cod liver oil was added to 
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the food of these three so that 1 per cent replaced 1 per cent of 
maize and the three rats were fed on this formula for 3, 5, and 
5 days, respectively. In the case of the four rats remaining 
which were being fed on Ration 2638 the original diet was con- 
tinued unchanged.’ These rats also served as control animals 
for this diet. As the period of the test administration of cod 
liver oil came to an end the test animals and their respective 
controls were killed with chloroform and examined. The bones 
of test and control animals were compared for gross differences. 
The ribs, the lower ends of the femora, the upper ends of the 
tibiee, the lower ends of the radii and ulne, and the upper ends of 
the humeri were then split longitudinally, placed in 10 per cent 
formaldehyde, and saved for histological examination. After 
fixation had taken place the lower end of the femur of each ani- 
mal was sectioned with a freezing microtome without decalcifica- 
tion, stained with silver nitrate according to the method of von 
Kossa, and counterstained with hematoxylin and eosin. Blocks 
of tissue from the ends of all the bones mentioned were embedded 
in parlodion in some instances without decalcification, in others 
after short decalcification in Muller’s fluid, and stained accord- 
ing to the silver nitrate, hematoxylin, and eosin methods just 
mentioned. 

Microscopic study of the preparations so made permits the 
following generalizations: When the cartilage has become free from 
calcium as the result of the deficient diets, the addition of cod liver 
oil to the food for a period of from 2 to 7 days is followed by de- 
position of lime salis between the cells of the proliferative zone of 
cartilage. The deposit of calcium salts is linear, the width of the 
line apparently depending on the length of time during which the 
animal has been fed cod liver oil. The line of deposition is at right 
angles to the long axis of the shaft of the bone. The granular 
deposit seen in sections stained with hematoxylin does not invade 
the protoplasm of the cell body. Stained with silver nitrate the 
granules are colored dark brown or black. It is difficult to say 
whether or not there is a coincident deposition of calcium in the 
osteoid tissue of the shaft but from the appearance of the section 
it would seem that very little lime salt is laid down in the osteoid 
tissue until calcification of the proliferative cartilage is complete. 
No gross differences between the bones of the test and control 
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animals were ever detected, and it was only upon microscopic 
examination that it was possible to note that in animals which 
had received no cod liver oil the epiphyseal cartilages were cal- 
cium-free. Those to whose diet the oil had been added showed 
a line of freshly laid down lime salt in the matrix of the prolifera- 
tive zones. It will be seen from Table I that the cartilages and 
metaphyses of the bones of all the control animals on both diets 
used were successfully freed from lime salt deposits and that the 
administration of cod liver oil caused calcification of the matrix of 
the proliferative zones of cartilages of all rats fed on Diet 2638. 
Of the four rats which received cod liver oil after maintenance 
on Diet 2677 three showed calcification of the proliferative zone 
and one (No. 326) failed to react thus to the stimulus of the oil 
administration. It is difficult to assign a reason for the failure 
of this animal to react to the therapeutic agent but we are quite 
certain that the cause is to be sought with the animal rather 
than with the reagent itself. In a series of experiments such 
as those reported here there are always certain variable con- 
ditions encountered which are difficult of control. From among 
these might be cited variability in appetite or the presence of an 
absolute anorexia which is always a possibility to be reckoned 
when dealing with animals in poor physical condition. Again it 
is possible to bring an animal so near to death by prolonged feed- 
ing on a deficient diet that the organism may be without power 
to respond to remedial substances when they are finally received. 
These and other factors must be borne in mind in weighing the 
results of feeding experiments of this type, since the animals used 
must of necessity be in very poor general health before the resto- 
rative treatment is commenced. 

The results of this series of preliminary experiments are two- 
fold. They afford ocular and conclusive evidence of the specific 
beneficial effect of cod liver oil on rats suffering with experimental 
rachitis, in that some substance or substances in the oil cause 
calcium to be deposited in the same fashion in which deposition 
occurs in spontaneous healing of rachitis in man. Moreover, 
they prepare the way for the elaboration of a new test, which it 
is to be hoped may eventually prove even to be roughly quanti- 
tative, for the determination of the calcium-depositing poten- 
tiality of any substance in terms of cod liver oil units. It is 
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especially interesting to note in the present experiments that 
calcium was deposited in the cartilages following the initiation 
of the cod liver oil treatment in spite of the fact that in some 
cases the calcium intake was far below normal. In view of the 
fact that in- human cases of rickets the blood calcium is main- 
tained throughout the disease at approximately the normal level 
it is interesting to speculate concerning the source from which 
the calcium deposited in the proliferative cartilage is derived. 

This paper is in all senses a preliminary one and experiments 
are now under way with a view to perfecting the biological test 
here reported and to determining the calcium-depositing power 
of certain other possible therapeutic agents. 


EXPLANATION OF PLATES. 


ep, epiphysis; d, shaft; met, metaphysis; dia, diaphysis; m, bone marrow; 
c, epiphyseal cartilage; ca, calcified intracellular substance; 0, osteoid tis- 
sue; os, calcified bone. 

These photomicrographs were taken of sections cut from frozen tissue 
previously fixed. in 10 per cent formaldehyde. The bone was not decalei- 
fied and the sections were stained by von Kossa’s method and counter- 
stained with hematoxylin and eosin. Calcified tissue is seen in the photo- 
graphs as in the section colored black. X 250. 


Puate 4. 


Fig. 1. Sagittal section through the lower ends of the femur of a rat 
fed for 84 days on Diet 2677. This picture shows besides complete absence 
of lime salts in the proliferative cartilage, the other cardinal microscopic 
signs of rickets; viz., invasion of the cartilage and overproduction of osteoid 
tissue. 

Fig. 2. Sagittal section from the distal end of the femur of a rat which 
was given cod liver oil after being maintained on Diet 2677. Beginning 
healing of experimental rickets is evidenced by the deposit of calcium (ca) 
in the proliferative zone of the epiphyseal cartilage, otherwise the bone is 
in the same condition as that in Fig. 1. 


PuatTe 5. 


Fig. 3. The animal from which the section shown here was made had 
lived on Diet 2638. The section shows marked evidences of rickets. The. 
cartilage of the epiphysis is absolutely free from calcium salts. 

Fic. 4. The rat from which this bone was taken had been given Diet 
2638. Five days before death 1 per cent of cod liver oil was substituted for 
1 per cent of maize in the ration. Note the heavy deposit of calcium (ca) 
in the epiphyseal cartilage resulting from cod liver oil administration. 
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THE IODOMETRIC DETERMINATION OF COPPER AND 
ITS USE IN SUGAR ANALYSIS. 


I. EQUILIBRIA IN THE REACTION BETWEEN COPPER SULFATE 
AND POTASSIUM IODIDE. 


. 


By P. A. SHAFFER anp A. F. HARTMANN. 


(From the Laboratory of Biological Chemistry, Washington University Medi- 
cal School, St. Louis.) ' 
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In the course of a comparative study of several methods for 
the determination of sugar in blood, the results of which will be 
recorded elsewhere, it became desirable to investigate the reaction 
between copper sulfate and potassium iodide which is concerned 
in a number of methods for sugar determination (Bang (1), 
Maclean (2), Scales (3), Lehmann (4), Riegler (4), Peters (4), 
Kendall (5)). . 

In certain of these methods (Bang, Maclean, Scales) the cuprous 
oxide formed by the oxidation of the sugar is dissolved in acid! 
and reoxidized to cupric salt by a known amount of standard 
iodine—potassium iodide, the excess of iodine being then titrated 
with thiosulfate. The oxidation takes place in the presence of 
considerable excess of cupric salts which under the conditions 
does not appear to inhibit the oxidation, the latter going appar- 
ently to completion. 

Essentially the same reaction between cupric salts and potas- 
sium iodide is the basis of the well known method for the iodo- 
metric determination of copper introduced by De Haen in 1854, 
‘the details of which have been studied especially by Gooch and 
Heath (6) who give the earlier literature. But in this case 
cupric salt is reduced to cuprous iodide in the presence of an 
excess of potassium iodide, with the liberation of free iodine 


1In Bang’s micro method the cuprous salt is held in solution by the 
presence of a large amount of potassium chloride. 
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equivalent to the amount of copper reduced. Under the condi- 
tions laid down by Gooch and Heath the reduction is complete, 
and correct results are obtained. 

This latter reaction, the reduction of cupric to cuprous salt, 
also has been utilized in the determination of sugar, the excess of 
cupric copper, after filtering off the cuprous oxide, being deter- 
mined in this way in methods described by Lehmann, Riegler, 
Peters, and others (4). : 

Both procedures outlined above are based upon the reversible 
reaction . 

Cutt + 2I- -— Cut + I- + 3I, 

which under slightly different conditions appears to run, for 
practical purposes, to completion in either direction. It has. 
long been known that this reaction is reversible and it has been 
shown by Bray and MacKay (7) to obey the mass law within 
certain limits in dilute solutions. It therefore seemed rather 
remarkable that conditions should exist which permit the com- 
plete removal of free iodine, one of the active factors in the reac- 
tion without perceptibly disturbing the equilibrium at both 
extremes. 

In order to permit an intelligent use of the reaction in both 
directions we have undertaken the determination of the points of 
equilibria of the reaction 


CuSO, 42K ——iCul + 1. 45K80. 


at various initial concentrations of CuSO, and KI and at various 
ratios of CuSO,: KI. Our results indicate the conditions under 
which the reaction may be utilized for the determination of either 
cupric or cuprous salts with ease and accuracy. 

The experimental procedure was to mix the solutions of copper 
sulfate and potassitim iodide in definite molecular ratios at widely 
varying concentrations. After standing at room temperature 
samples of the supernatant liquid (which contained the liberated 
iodine, unreduced cupric copper, excess potassium iodide, and a 
minute quantity of cuprous iodide in solution) were carefully 
pipetted out, and the extent of the reduction, and thus the equili- 
brium attained, was determined by titrating the amount of free 
iodine by standard thiosulfate solutions. Since according to 
the reaction 


{ 


Cutt + 2I- —— (Cu!) + 3, 
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1 atom of iodine is liberated for each atom of copper which is 
reduced, one may readily calculate the amount of cuprous salt 
formed and this subtracted from the total copper gives the amount 
of cupric salt unreduced. It was clear, however, that this method 
of determining the equilibrium point would not work unless the 
equilibrium were in some way stabilized; for, on removal of 
iodine by titration, the equilibrium is rapidly shifted to the right by 
the now unbalanced cupric and iodide ions; the blue starch-iodide 
end-point returns very rapidly; and the results indicate much too 
great reduction. This was avoided simply by measuring the 
samples for analysis directly into an equal volume of water con- 
taining an excess of sodium hydroxide. The cupric copper which 
remains is precipitated as the hydroxide and removed by filtra- 
tion while the iodine is converted into hypoiodite and iodide and 
is recovered on acidifying the filtrate. 

With both cupric and cuprous salts? removed the reaction 
cannot take place, and the equilibrium attained is represented by 
the amount of iodine, which after acidification is titrated with 
thiosulfate. Under these conditions the end-point is sharp. 
The results are given in Table I. The details of procedure and 
the method of calculating the results are given below. 


Preparation of CuSO.-KI Miztures. 


An approximate 1.25 m solution was made of Kahlbaum’s 
“Zur Analyse’ CuSO..5H.O. After filtering from suspended 
particles this was carefully standardized by titrating 20 cc. por- 
tions of a 1:10 dilution with 0.1 Nn thiosulfate after adding KI 
under the conditions described by Gooch and Heath. From the 
original CuSO, solution, an exactly molecular solution was made 
by dilution. The concentration of this solution was checked by 
diluting 50 ec. to 500 cc., when 20 cc. portions titrated with 
thiosulfate gave 20.05 cc. X 0.0997 N = 19.99 cc. 0.1 N. Potas+ 
sium biiodate was used to standardize the thiosulfate. From the 
M CuSQu,, other dilutions were made as needed. 


* The amount of cuprous iodide in solution is negligible except in the 
presence of high concentrations of potassium iodide. Bodlinder and Stor- 
__beck (8) calculate the solubility product of (Cu*).(I-) as 5 X 10-2 accord- 
ing to which value the concentration of cuprous salt in dilute solutions of 
potassium iodide would be less than 2.2 X 10-6 m. 
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Initial con-| Initial con- 
centration 


of 


millimolar 
1 2.5 2.5 
2 5.0 5.0 
3 6.0 6.0 
4 ta) 730 
5 8.0 8.0 
6 9.0 9.0 
uf 10.0 10.0 
8 11.0 tO 
9 12.0 12.0 
10 20.0 20.0 
11 50.0 50.0 
a, 100.0 100.0 
13 200.0 200.0 
14 2:5 5.0 
15 3.0 6.0 
16 4.0 8.0 
17 5.0 10.0 
18 6.0 12.0 
19 Ae 14.0 
20 8.0 16.0 
21 9.0 18.0 
22 10.0 20.0 
23 11.0 22.0 
24 12.0 24.0 
25 13.0 26.0 
26 14.0 28.0 
27 15.0 30.0 
28 16.0 32.0 
29 17.0 34.0 
30 18.0 36.0 
31 19.0 38.0 


TABLE I. 
Equilibria of CuSO, + KI. 
Thiosulfate titration of 10 ec. 


Calculated 
“equilib | far cor 
rium.  |tion to Cul 
(4) | (5) 
1CuSO,4:1KI1 
0.00 25.0 
0.00 50.0 
0.03 60.0 
0.05 70.0 
0.15 80.0 
0.50 90.0 
0.80 100.0 
1 PA0) 110.0 
1.80 120.0 
19.75 200.0 
11.74 50.0 
100.0 
200.0 


of mixture. 


1CuSO,: 2KI 


0.00 
0.00 
0.20 
0.50 
1.00 


0.25 ° 


0.50 
0.75 
1.10 
1.50 
2.00 
2.40 
2.85 
3.60 
4.18 
4.58 
5.15 


5.80. 


25.0 


Oa 
(LSS) 
>) 


Cee SKS SIS) 


a 


Thiosul- 
fate. 


0.001 N 
0.001 ‘‘ 
0.001 *‘ 
0.001 ‘‘ 
OFOO1eS 
0.001 ‘‘ 
0.001 ‘‘ 
0.001 ‘‘ 
0.001 ‘‘ 
0.001 ‘ 
0.01 ‘ 
O01 4 
OsO1o ss 


0.001 N 
0.001 ‘‘ 
0.001 ‘‘ 
0.001 ‘‘ 
0.001 ‘‘ 
OlO1p te 


0.01 2 
OLOlie 
0.01. t;** 
OOhrs 
0.0R ym 
MOT Bees 
OvOl:<* 
O:0L 5° 
0.01 
Oe: 


0: OL.. “fF 
OY Oh ‘6 


* Determination of precipitated cupric hydroxide. 


Cuprous | Cupric 
salt. salt. 
i (7) (8) - 
per cent | per cent 
0.00 | 100.00 
0.00 | 100.00 
0.05 | 99.95 
0.07 | 99.93 
0.19 | 99.81 . 
0.56 | 99.44 
0.80 | 99.20 
1.09 | 98.91 
1.50 | 98.50 
9.88 | 90.12 
23.48 | 76.52 
36.50 | 63.50* 
40.40 | 59.60* 
0.00 | 100.00 
0.00 | 100.00 
0.50 | 99.50 
1.00 | 99.00 
1.67 | 98.33 
3.57 | 96.43 
6.25 | 98.75 
8.33 | 91°67 
11.00 | 89.00 
13.64 | 86.36 
16.67 | 83.33 
18.46 | 81.54 
20.36 | 79.64 
24.00 | 76.00 
26.137) 9 forse 
26.94 | 73.06 
28.61 |: 71.39 
30.53 | 69.47 


I 


At equilibrium. 
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TABLE I—Continued. 


Biscaulipee Berea of 10 ee. Apequilibentn 
Initial con- | Initial con- ae eae 
centration | centration alculate 

Found at forcom- | Thiosul- | Cuprous | Cupric 


Experi- 
ment No. | of CuSOs. | of KI. 


saat Seagate fate. salt. salt. 
(1) (2) (3) (4) - (5) (6) (7) (8) 
millimolar | millimolar 1CuS0.:2KI percent | per cent 
Ae 
32 20.0 40.0 6.45 20.0 |0.01 N 32220 67.75 
33 30.0 60.0 12-35 SOROMnOROL << 41.17 58.83 
34 40.0 80.0 19.18 40.0 |0.01 ‘ 47.95 52.05 
35 50.0 100.0 2.62 DAO OSLO: = 52.40 47 .60 
36 100.0 200.0 TORO ROMO SS NGe25 nl oZatore 
37 200.0 400.0 20ROME|OGLO) (ASO) 2750 
38 300.0 600.0 BOLO MOM Ones ee ROON ieee 5 Or 
1CuSO,4:3KI1 
39 2.5 @20 0.00 25.0 {0.001 N 0.00 | 100.00 
40 5.0 15.0 0.35 DAO | OROIe = 7.00 93 .00 
41 10.0 30.0 3.30 NOLO ORO 33200) G00 
42 20.0 60.0 11.62 PAD)(0) O(n 58.10 41.90 
43 50.0 150.0 3.87 Ole Ont Ons. 77.40 | 22.60 
44 100.0 300.0 9.07 OO! sid & 90.70 9.30 
45 200.0 600.0 19.17 PANO MOS TOL 95.85 4.15 
46 400.0 | 1,200.0 | 38.69 40.0 10.10 ‘| 96.72 3.28 
1CuS0,:4KI 
47 Fi AS 10.0 0.25 25.0 |0.001 N 1.00 | 99.00 
48 5.0 20.0 0.90 HOmeONOly Ere 18.00 82.00 
49 10.0 40.0 5.47 ORO OOS: = 54.70 45.30 
50 20.0 80.0 14.77 PAD. (OM ACs Aes 73.85 26.15 
51 50.0 200.0 4.62 ONO 92.40 7.60 
52 100.0 400.0 Ol TOROS OGLO! te 97.70 2.30 
53 200.0 800.0 19.67 ZOZO® |OeLON 98.35 1.65 
54 400.0 1,600.0 39.57 ANDO) 0100 98.93 107 
1CuSO.: 5KI1 
55 2.0 10.0 0.00 20.0 |0.001 N 0.00 | 100.00 
56 3.0 15.0 0.85 30.0 |0.001 ‘‘ 2.83 97.17 
57 4.0 20.0 3.88 40.0 {0.001 ‘‘ 9.70 90.30 
58 5.0 25.0 10.00 50.0 {0.001 ‘‘ 20.00 80.00 
59 6.0 30.0 18.25 60.0 0.001 ‘‘ 30.42 69.58 
60 8.0 40.0 33.95 80.0 {0.001 ‘‘ 42.44 57.56 
61 10.0 50.0 57 NO) QOL = Se 57.70 42.30 
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TABLE I—Concluded. 


Tee acaba of 10 cc. At equines 
-_ | Initial con- | Initial con- 
ment No ‘ come ot a aon ae a ni ee oo Thiosul- | Cuprous | Cuprie 
ial plete reduc- fate. salt. salt. 
*  Ition to Cul. 
(1) (2) (3) (4) (5) (6) (7) (8) 
millimolar | millimolar 1CuS0.:5KI : per cent | per cent 
62 20.0 100.0 | 17.00 20.0 {0.01 n | 85.00} 15.00 
63 30.0 150.0 | 26.72 30.0 {0.01 ‘| 89.06 | 10.94 
64 40.0 200.0 3.70 4.0 |0.10 ‘' | 92.50 7.50: 
65 50.0 250.0 4.80 5.0 |0.10 ‘‘ | 96.00 4.00 
66 60.0 300.0 5.78 6.0 |0.10 ‘| 96.33 3.67 
67 100.0 500.0 9.77 10:0; O10) “sl s9O7e70 2.30 - 
68 200.0 | 1,000.0 | 19.72 20.0 {0.10 ‘| 98.60 1.40 
69 300.0 | 1,500.0 | 29.56 30.0 (0.10 ‘* | 98:53 1.47 
70 400.0 | 2,000.0 | 39.34 40.0 |0.10 ‘*| 98.385 1.65 
1CuS8O,4:10KI 
71 1.0 10.0 0.00 10.0 |0.001 N 0.00 | 100.00 
72 2.5 25.0 6.00 25.0 |0.001 ‘‘ | 24.00} 76.00 
73 3.0 30.0 | 12.50 30.0 |0.001 “| 41.67 | 58.33 
7 4.0 40.0 | 23.90 40.0 |0.001 ‘| 59.75 | 40.25 
75 5.0 50.0 3.72 5.0 |0.01 ‘| 74.40 | 25.60 
76 8.0 80.0 7.00 8.0. 10.01. “ | 87.50)" Tae 
77 10.0 100.0 9.57 10.0) 0701 “S| Shere 4.30 
78 20.0 200.0 | 19.57 20.0' |0.01 “| SSvesa 2.15 
79 50.0 500.0 4.97 5.0 10.10 ‘‘ | 99.40 0.60 
80 100.0 | 1,000.0 9.62 10.0 |0.10 ‘**| 96.20 3.80 
81 200.0 | 2,000.0 | 17.62 20.0 |0.10 ‘| S8720=) shizao 
82 300.0 | 3,000.0 | 22.12 30.0 |0.10- “| 73.738 | 26027 


A 5™ KI solution was made by dissolving in a volume of 1,000 
cc. 830 gm. of a pure preparation, previously powdered and dried 
at 80°C. for 18 hours. The solution was filtered and from it 
other dilutions were made. Calibrated pipettes and burettes, 
the latter of 25 cc. capacity, small bore, and marked in 0.05 ce., 
were used throughout. 

The copper sulfate and potassium iodide solutions were mixed 
in a uniform way in’ volumetric flasks. Distilled water was 
first added to the flasks leaving only slightly more room than 
needed for the solutions to be added. The CuSO, was then 
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added by pipette, the solution mixed, the KI measured in, and 
finally water added to the mark. After being stoppered and 
mixed by shaking, the flasks stood in a dark closet at 25-30°C. 
from 2 to 5 days to insure the attainment of equilibrium. Dur- 
ing this time the precipitated Cul settles to the bottom so that 
it is possible to pipette off samples of the clear supernatant liquid 
without disturbing the precipitate. 20 cc. samples of the solu- 
tions were measured into small flasks containing exactly 20 ce. of 
N NaOH. After being mixed, the solutions were filtered from 
the precipitated cupric hydroxide, and 20 cc. of the filtrates, 
equivalent to 10 ce. of the CuSO.-KI mixtures, were measured 
into small flasks and acidified with about 5 cc. of 5 Nn H.SQ,. 
The iodine liberated was then titrated with the same thiosulfate 
(or dilutions made from it) which was used in standardizing the 
CuSO, solution (Column 4, Table I). 

The use of sodium hydroxide makes necessary the application 
of a small correction for the amount of iodine which is removed 
by some impurity in the alkali, the correction being added to the 
amounts of thiosulfate used. The correction in these experi- 
ments amounted to 1.11 ec. of 0.01 N iodine. 

At the same time other 10 cc. portions of the supernatant 
liquids were in most cases titrated directly with thiosulfate after 
adding an excess of KI. The results so obtained are equivalent 
to the total copper originally in solution and serve as an additional 
check upon these values. In all but a few cases the results for 
total copper agreed well with the calculated values. 

The following example illustrates the procedure above described. 


10 ec. of 1 mM CuSO, were mixed with about 175 cc. of water in a 200 ce. 
volumetric flask, 10 ce. of 5 m KI added, and the solution was diluted to 
the mark. The mixture had therefore as the initial concentrations, 50 
millimolar Cu and 250 millimolar KI (Experiment 65, ratio 1CuSO.:5KI, 
Table I). After standing 3 days a 20 cc. sample of the supernatant liquid 
was pipetted out, added to 20 cc. of n NaOH, and filtered. 

0.1 n thiosulfate. 


20 cc. filtrate, acidified (= 10 cc. original solution).......... 4.69 
Conmectinmeoe NAO.) 2.1.45!) ach te ae ee. ©. WR 0.11 
AU Co ermrrrm URAL yo a ays. sissieic.-d ed SNES oo ecw aise 4.80 

10 ce. original solution + excess KI = total copper (Column 
UDB bie bi» Bae Riki 8 a ec el 9a ae A 5.00 


Kt 


356 Copper and Its Use in Stivar Analysis. I 


Since 1 atom of iodine is liberated from each atom of copper reduced, 10 
ec. of 0.05 m CuSO, when fully reduced by KI should yield 10 ec. of 0.05 n 
or 5.0 ec. of 0.1 N iodine, which is the amount found by titration. The 
amount found at equilibrium (4.80 ec.) divided by the amount from total 
reduction (5.00) gives the proportion reduced (0.96 or 96.0 per cent) (Col- 
umn 7). The remainder (4 per cent) is the proportion of cupric salt (Col- 
umn 8). ; 


The procedure of analysis and methods of calculation above 
described were adhered to throughout, with the following excep- 
tions. In very dilute solutions the iodine liberated is so small in 
amount that all or most of it was absorbed by the impurity 
present in the NaOH, the correction for the blank approaching 
or exceeding the amount of iodine to be determined. In these 
cases 10 cc. of the supernatant liquid were titrated directly with 
0.001 n thiosulfate without previously stabilizing the equilibrium. 
Fortunately at very low concentrations of copper and iodide the 
small amounts of iodine present can be titrated away without 
materially shifting the equilibrium within the brief period of 
making the titration, and the results of direct titration are mod- 
erately reliable as proved by a fair agreement of results by the 
usual procedure and by direct titrations, at the slightly higher 
concentrations where such comparison was possible. 

Another exception to the procedure described was necessary 
with the higher concentrations of the series, 1 CuSO, : 1 KI and 
1 CuSO, : 2 KI. The results first obtained with the alkaline 
filtrates from solutions 100 millimolar CuSO, of series 1:1 and of 
series 1:2 and from solutions of higher concentrations with these 
ratios, gave values which on being plotted on curves appeared 
erroneous. On inspection of the precipitate in the flasks, crystals 
of iodine were observed to be mixed with the cuprous iodide, 
which explained the low results obtained. The residual iodide, 
after the equilibrium was reached, was under these conditions 
not sufficient to hold in solution all the iodine liberated, and the 
titration of the iodine in solution therefore did not represent the 
amount formed. In such cases the points of equilibria were 
located by determining directly the amount of residual cupric 
copper. The cupric hydroxide precipitated from the supernatant 
liquid when the latter is run into NaOH was washed free of 
iodine by repeated centrifugation, decantation, and filtration, 


% 
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finally dissolved in H.SOx,, an excess of KI added, and the solu- 
tion titrated with thiosulfate under the conditions under which 
the copper ‘sulfate solutions are standardized. These results 
proved to be reliable and in agreement with those from the usual 
procedure in those solutions where such comparison was possible. 
Data were obtained in this way for the last two mixtures of ratio 
1:1 and the last three mixtures of ratio 1:2 as explained in the 
foot-note to Table I. 


DISCUSSION. 


From the data given in Table I curves have been drawn which 
show graphically the position of the equilibria under various 
conditions. In Charts 1 and 2 the percentage of total copper 
reduced to cuprous salt (the position of equilibrium) is plotted 
against initial concentration of total copper for each of the molec- 
ular ratios 1 CuSQ, :1, :2, :3, :4, :5, and :10 KI. The initial 
concentration of KI for each curve is readily seen by multiplying 
the initial copper concentration by the KI ratio of that curve. 
In Chart 3 the percentage of total copper reduced is plotted 
against initial concentration of potassium iodide. 

Each individual curve of Chart 1 shows the shift of equilibrium 
with change in volume for a given molecular ratio of the reacting 
substances. If a mixture of CuSO, and KI is made of initial 
coneentrations as indicated and the mixture is progressively 
diluted the percentage distribution of total copper between pre- 
cipitated cuprous iodide and cupric salt in solution is shown at 
any given dilution by the corresponding point on the curve for 
that molecular ratio. For instance, if equal volumes of 0.2 
mM CuSO, and 1.0 m KI are mixed, the initial concentrations being 
100 millimolar CuSO, and 500 millimolar KI (1 CuSO;:5 KI), 
about 98 per cent of the total copper is present as cuprous iodide. 
If the mixture is diluted with 9 volumes of water, the equilibrium 
is now such that only 57 per cent of the copper exists as cuprous 
iodide, and on further dilution to 50 times the original volume 
(total copper 2 millimolar, total KI 10 millimolar) practically 
all the copper exists as cupric salt and only little if any iodine 
can be detected by starch. 
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O4 


CuSOs +n l= Culs 2 ]2+hSO. 


Curves show effect of varying 


CuSOs ‘Kd =e 


Molecular Concentration CuSOs 


Qo 10 20. 30. 40; 50. .60. 70.180). mune 
Percent Cuprous Copper 


Cart 1. Curves show the position of equilibrium of the reaction between 
CuSO, and KI, expressed as percentage of total copper in the form of 
cuprous salt, as affected by varying the ratio of CuSO,:KI, and by con- 
centration (dilution). 
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The relations are illustrated by the following experiment. 


Mix 2.5 ec. of m (25 per cent) CuSO,.5H.O and 7.5 cc. of m (16.6 per cent) 
KI. Cuprous iodide is immediately precipitated and the solution is dark- 
colored from the formation of free iodine. On analysis 96 per cent of the 
copper would be found as cuprous iodide. This mixture had initial concen- 

‘trations of 250 millimolar CuSO, and 750 millimolar KI or 1CuS0O,:3KI. 
Mix the same amounts in a total volume of 1,000 cc. by adding 2.5 cc. of 
mM CuSO, to 990 cc. of water, and to this dilute solution add 7.5 ec. of m KI. 
The mixture now remains clear and gives no iodine reaction with starch. 
The initial concentrations in this case correspond to 2.5 millimolar CuSO, 
and 7.5 millimolar KI.‘ 


It is evident that the proportion of cupric salt which is reduced 
to cuprous iodide is determined by the dilution and by the rela- 
tive excess of iodide in solution. The predominant influence of 
iodide is indicated by Chart 3. These relations are implied in 
the mass law equation : 


(Cutt) - (D2 = VI2-K 


according to which the concentration of cupric ions will vary 
inversely as the square of the iodide ions and directly as the 
square root of the free iodine. A discussion of the bearing of 
our data upon the validity of this equation will be deferred to 
a later paper, and we shall point out here only their significance 
for the determination of cupric and cuprous copper, for which 
purpose the work was undertaken. 


3 Since writing the above the work of Traube (Traube, M., Ber. chem. Ges., 
1884, xvii, 1064) has come to our attention. Traube established the exist- 
ence of cupric iodide in solution and described experiments very similar 
to those given above showing the effect of dilution upon the formation and 
precipitation of cuprous iodide from mixtures of copper sulfate and potas- 
sium iodide. He pointed out that the mixture of 0.1 per cent KI and 0.075 
per cent CuSO,.5H.O (equivalent to final concentrations of 3 millimolar 
KI and 1.5 millimolar CuSO.) or 0.05 per cent KI with 1.0 per cent 
CuS0O,..5H;0 (equivalent to final concentrations of 1.5 millimolar KI and 
20 millimolar CuSO.) remains clear and gives no reaction with starch after 
24 hours standing. Our work is thus an elaboration of facts made known 
36 years ago. 

4 The same experiment may be more simply performed by diluting the 
first mixture to a liter, but in this case equilibrium is attained more slowly 
and the solution contains a small amount of free iodine for some time. 


a 
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With the ratio of 1 Cu: 1 KI reduction is absent or very 
slight until the concentration reaches about 5 millimolar (Chart 
2). With these relative amounts of cupric salt and potassium 
iodide and at these concentrations no cuprous salt and no free 
iodine are formed. Furthermore, if cuprous salt is originally 


CuSOz 


Millimolecular Concentration 


Cis nl? => Cigeils 


Lower left corner of Chart 1 drawn on different scale 


25 350. 95 20" "45" S0nwog (@) 


Percent Cuprous Copper 


(0) 5 10 15 20 


Cuart 2. Curves show the same relations as in Chart 1, drawn on a 
larger scale to indicate the limiting concentrations for the complete oxi- 
dation of cuprous to cupric galt. 


present it is quickly and completely oxidized to the cupric 
condition if iodine is added;. and since at this concentration 
there is no tendency for the reaction to run to the right, and 
thus no cuprous salt and free iodine to form, the excess iodine 
may be removed by titration with a sharp end-point. The 


Re, | inde denise) Ae hd Lu wae 
P « fa” hae : ‘ 


°. haa 


- 


A. Shaffer and A. F. Hartmann 361 


conditions, therefore, which must be chosen for the determina- 
tion of cuprous copper by this reaction are a minimum excess of 
KI and a final (total) concentration of less than about 3 to 5 


‘ millimolar ‘copper. (In the following paper means are described 


by which this limitation is removed.) Cuprous copper will be 
completely -oxidized to cupric salt by an excess of iodine pro- 
vided the final concentration of copper and iodide do not exceed 
5 millimolar each.° 

These are the conditions which Maclean and Scales found 
empirically to be necessary for the reoxidation by iodine of 
cuprous copper formed in the oxidation of sugar. The final 
concentration of total copper in Maclean’s titration is 2.5 milli- 
molar and of iodide 2.9 millimolar (after the amount of iodide 
necessary for the reaction with the iodate has been subtracted 
from the original amount present) or 1:1 ratto. In the technique 
described by Scales the values prove to be 4.5 millimelar iodide 
and 2.3 millimolar total copper or 1:2 ratio. An examination of 
Chart 2:shows that both these conditions lie on the ordinate 
below the intersection of Curves 1:1 and 1:2, where no cuprous 
salt is present at equilibrium. At concentrations represented by 
points above the intersection of the respective curves, the end- 
points would not be sharp and the results would be incorrect. 
At such higher concentrations a large excess of iodine will, to be 
sure, oxidize more or less cuprous salt but on removal of the 
excess of iodine during titration with thiosulfate the equilibrium 
will shift to the right with the reformation of cuprous iodide and 
iodine and a consequent running (returning) end-point. 


’The actual limitation is doubtless a certain value of the product 
(Cut+) X (I-)?. What this value is we have not determined exactly 
though our results indicate it to be roughly about 135, the concentrations 
being expressed in terms of millimolar solutions. 

Hy 10: is 1 Cul Xe@07 sb) 2231.00 
5:1,2 Cu X (10 I)? = 200 
“ 4:1, 2.1Cu X ( 8.21)? = 141 


os 3:1, 2.5Cu X ( 7.51)? = 140 
bad 231; 3:0Ca:X (6, 22 = 101 
« 4:1,5 CuX (5 I)? = 125 


Average 135 
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For the determination of cupric copper, on the other hand, it is 
necessary that the cupric salt be completely reduced with the 
liberation of an equivalent amount of iodine, and, as shown by 
Chart 1, this condition depends upon the presence of a consider- 
able excess of iodide in solution. The optimum concentrationfof 
iodide is about 0.25 to 0.5 m, in which solutions, if the ratio of 


Cu+ nl ==Cu+ Tz 


Curves show effect on equilibrium 


2 of varying concentration of 


K] ond CuSOz: KI ratio 


Molecular Concentration KI 


0 10 20-30. 40 50. 60 70 | SON umamene 
Percent Cuprous Copper 


Cuart 3. The curves show the predominating influence of KI in deter- 
mining the equilibrium. 


copper to iodide is not greater than 1:5, the copper will be almost 
completely converted into cuprous iodide at equilibrium, and on 
removal of the iodine by titration the small remainder of cupric 
salt is quickly reduced. Equilibrium being close to the right 
side of the reaction, the titration end-point is sharp. In a vol- 
ume of 100 cc., 0.25 m potassium iodide (4.2 gm.) allows the cor- 
rect determination of amounts of copper up to the equivalent of 
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1.25 gm. of CuSO,. 5 H2O, or double this amount with 0.5 m KI. 
With smaller concentrations of iodide, as is apparent from Chart 
1, the reduction is less complete at equilibrium, and the titration 
end-points are in consequence less sharp, the blue color returning 
as long as cupric salts are present. 

It is doubtless due to the lack of such information as may be 
derived from Chart 1 that varying opinions have been expressed 
as to the value of this method for the determination of copper 
(cited by Gooch and Heath (6) ). Those who have favored the 
method adopted conditions the correctness of which are con- 
firmed by our curves. Moser (9) recommends the addition of 
2 gm. of potassium iodide to 50 cc. of a solution containing about 
0.6 gm. of cupric sulfate; this is equivalent to about 0.24 m iodide 
and at least 5 KI:1 Cu. Gooch and Heath recommend the 
use of 5 gm. of potassium iodide in 100 cc. of solution containing 
not more than 0.3 gm. of copper. These amounts are equivalent 
to 0.3 m iodide and at least 6 KI:1 Cu. 


SUMMARY. 


Both cupric and cuprous salts may be determined iodometri- 
cally by means of the reversible reaction 


Cutt + I-~— Cut + I, 
The position of equilibrium has been determined for the reaction 
CuSO, + n KI = Cul + I, + K2SO, 


at ratios of from 1 to 10 KI: 1CuSO, at various dilutions. 

For the determination of cupric salts potassium iodide must 
be added to give a final concentration of about 0.25 m (4 to 5 gm. 
per 100 cc. of solution). 

For the determination of cuprous salts the solution must be so 
diluted that the final concentration of copper and of iodide does 
not exceed about 5 millimolar each. 

The conditions found empirically by Gooch and Heath (6) for 
cupric salts and by Maclean (2) and Scales (8) for cuprous salts 
comply with these requirements. 


re ee . 
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After heating Fehling’s solution or similar alkaline copper 
solution with a reducing sugar, the solution contains the oxida- 
tion products an excess of cupric salt, and suspended 
cuprous oxide garn the amount of sugar oxidized by 
determining us oxide, or, knowing the total cop- 
per, the resi cliprr Both forms of copper have been 
determined by means of iodometric titrations, as illustrated by 
the procedures of Lehmann (1), Riegler (2), Maquenne (3), Citron 
(4), and Peters (5) for residual cupric salts and of Bang (6), 
Scales (7), Maclean (8), and Clark (9) for cuprous salts. The 
principle underlying these methods and the conditions necessary 
in the determination of both forms of copper are more exactly 


eee + 41-2 Cul + i, 


‘case cuprous salt is completely oxidized to cupric in 
of a known excess of iodine, with the conversion of ' 
ponding amount of iodine into iodide . 


| 


‘arch being used as indicator. 
ae 365 ae 
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The direction in which this reversible reaction will proceed 
depends upon the concentration of the active substances (or 
ions). For the complete conversion of cupric to cuprous salt the 
concentration of iodide, which has much the strongest influence, 

, the optimum being about 0.25 m. 
mplete oxidation of cuprous salts by iodine on the 
eans must be found for maintaining the concen- 
‘ration of cupric and iodide ions at very low values. As shown 
in the preceding paper this is accomplished when the solution is 
diluted so that the total copper and final iodide concentrations 
do not exceed about 0.005 m each, the equilibrium then being for 
practical purposes on the cupric side of the reaction. In this 
way Bang, Maclean, Scales, and Clark were able to determine ~ 
very small amounts of cuprous oxide with considerable accuracy, 
even in the presence of cupric salts.and iodide; though none of 
these workers appears to have been a eae limiting effect 
of iodide and copper concentrations. See ks 

Great dilution, however, limits th D1 prous copper 
to small amounts and eurtails it ulness. For- 
tunately, other means are available for reducing the concentra- 
tion of cupric ions to such a small value that even at moderate 
dilution and in the presence of much soluble iodide the reaction 
does not proceed to the right and equilibrium is maintained with 
the copper wholly in the cupric form. It was pointed out by 
Elbs (11) in 1917 that the presence of alkali oxalates more or less 
completely inhibits the reaction of cupric salts with soluble 
iodides, as well as other reactions of cuprie ions. Elbs inter- 
preted this behavior by the assumption of the formation of anna 
cupric oxalate which dissociates with the formati 
containing oxalate and copper, the cations being 
alkali. This observation, which is easily verified, pernsits one | 
to direct at will the above reversible reaction to completion in 
‘either direction, and at practically any concentration of copper 
salt. The followin experiment illustrates the remarkable effect 
of oxalate. mt 


Sa 


= 


t t 


To 50 ce. of approximately 0.1 m CuSO, were at 
iodide; the liberated iodine required 47.50 ce. of 0.1 
ec. of 0.1 N, To the same solution, after titratio 
then added 100 cc. of 0.0969 n Sg (= 5.99 


‘2 


a ee 


ry and A. F. Hartmann 


molar potassium oxalate. After a moment of shaking the cuprous iodide 
completely dissolved, and on again titrating with thiosulfate 44.10 cc. = 
46.65 cc. of 0.1 N were required, showing that 50.25 cc. (96.99 — 46.65 cc.) 
of 0.1 n iodine had been used for the oxidation. The two determinations 
on the same sample are in full agreement, the same amount of iodine being 
used for oxidation as was liberated in reduction, and thus proving the 
reoxidation to be substantially complete. 


The cupric salt is first completely reduced and precipitated as 
cuprous iodide in the presence of a large excess of soluble iodide, 
the liberated iodine being reduced to iodide on titration with 
thiosulfate. The subsequent addition of more free iodine shifts 
the equilibriunt slightly toward the cupric side, but the concen- 
tration of iodide (5 gm. of KI in 200 cc. or about 0.15 m) is 
such that only about 15 per cent of the total copper can be in the 
cupric form (see Chart 3 of preceding paper). The addition of 
the oxalate, however, shifts the equilibrium wholly to the cupric 
side of the reaction and in spite of the excess of potassium iodide 
present the cuprous iodide is at once dissolved and oxidized by 
the free iodine. Equilibrium is attained almost immediately and 
is not affected by the removal of the excess of free iodine in the 
second titration with thiosulfate. As a rule the starch blue 
color does not reappear even on standing several days. The 

-solution is colored blue from the complex copper salt, but the 
starch blue end-point is remarkably sharp and distinct, and after 
a single trial is never confused with the color due to the copper 
salt. After a short time, often before the end of the titration if 
the solution is cold, a precipitate of cupric oxalate or cupric 
potassium oxalate may form, but this in no way interferes with 
the titration. 
The same phenomenon may be shown qualitatively as follows. 


’ Add to a solution of copper sulfate (25 cc. of Fehling’s copper solution) 
a few grams of potassium iodide; insoluble cuprous iodide is precipitated 
and the solution contains much free iodine. Add at least four molecular 
equivalents (5 gm.) of potassium oxalate, and shake; the cuprous iodide 
dissolves, the iodine disappears, and the solution assumes the blue color 
of cupric salts. The addition of starch inédmtes the presence of little or 
no free iodine. Or to the copper solutiongidd first the oxalate; the addi- 
tion of KI now fails to form iodine gndyeuprous iodide. 


eh 


eer: nts. | 


The only interpretation 
be that by the formation 
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f the phenomenon would appear to 
‘the complex copper oxalate the num- 
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ber of cupric ions is so far reduced that the product of their con- 
centration by the square of the iodide concentration 


(Cazes) x<-(1-)? 


is below the threshold value required to cause the reaction to 
take place to a degree sufficient for its detection by the starch 
test for iodine. This threshold value was roughly calculated at 
about 135! according to which the concentration of Cut+ ions 
in the above experiments (approximately 0.06 m copper solution) . 
would be less, probably very much less, than 0.000006 m.? 

Taking advantage of this effect of oxalate one has the choice 
of two almost equally satisfactory, convenient, and accurate 
iodometric methods for the determination of the amount of cop- © 
per reduced by sugar. After acidifying the alkaline copper solu- 
tion, either the residual cupric salt or the cuprous salt, following 
their reaction with iodide or iodine respectively may be titrated 
with standard thiosulfate. The oxidation products of the sugar 
do not react with iodine in acid solution and cause no interference 
in the reactions. It is unnecessary to remove the cuprous oxide 
in the determination of cupric salt (Maquenne (3) ) as prescribed 
by Peters and others; nor is it necessary to isolate the cuprous 
oxide. Either may be accurately determined in the presence of . 
the other. Both methods yield the same results within the error 
of manipulation and titration. These facts permit the applica- 
tion of the very delicate and accurate methods of iodometry to 
the determination of reducing sugar under a variety of cireum- 
stances. We have used the methods in various forms with sugar 
solutions, in food analysis, with urine, blood, and milk, and shall 
describe the procedures which we find most convenient and 
satisfactory. On a number of points there is room for individual, 
choice and there are doubtless other modifications which would 
be equally satisfactory. 

We shall describe procedures for both the “cupric titration” 
as we may designate the method based upon the determination 
of the residual cupric salt by its reaction with an excess of potas- 


1 Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 1920-21, xlv, 361, 
foot-note 5. 

?'The phenomenon is a simple and striking illustration of reversible 
reactions suitable for class experiments. 
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sium iodide, and the “cuprous titration” or the determination 
based upon the reoxidation of cuprous salt by iodine made possible 
by the effect of oxalate. Both methods have been applied for the 
determination of either large or small amounts of reducing sugar, 
different solutions being used for the micro titrations. The 
cupric titration is essentially that introduced by Lehmann and 
later. modified by Maquenne, Riegler, Peters, and others, while 
the cuprous titration with the aid of oxalate has not previously 
been used. Because of the greater cost of the large amounts of 
potassium iodide required for the cupric titration, and especially 
the fact that the starch end-point is less easily seen in the presence 
of the precipitated cuprous iodide and is less permanent, we dis- 


_ tinctly prefer the cuprous titration, but both methods are in our 


experience preferable on the grounds of convenience, speed, and 
reliability to any other volumetric or colorimetric procedures for 
the determination of reducing sugar with which we are familiar. 
The degree of accuracy depends only upon the care in manipula- 
tion, especially as to the conditions during the oxidation of sugar. 


THE DETERMINATION OF LARGE AMOUNTS OF SUGAR.« 


With either of the reactions above mentioned, the accurate 
determination of copper is easily accomplished. But the deter- 
mination of sugar involves also the amount of copper reduced by 
a given amount of sugar, and this ratio is known to be affected 
by the concentration of copper, the alkalinity, the duration 
of heating, and the extent of oxidation of sugar or reoxidation of 
cuprous oxide by oxygen dissolved in the solution, all of which 
factors must be controlled or standardized. Although we have 
formulated new solutions and special conditions for certain pur- 
poses it seemed desirable also to adapt the two iodometric titra- 
tions to solutions and conditions of heating now in general use. 
We have therefore adopted the use of Fehling’s Soxhlet solutions, 
and the amofints.and conditions of heating prescribed by Munson 
and Walker (12), and are thus enabled to use their tables for the 
ion of copper into terms of sugar. As shown by the 
results given in Table I, substantially correct values are obtained 
d Walker’s figures. In addition we are using 
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a carbonate-citrate solution, containing in a single solution the 
iodine and oxalate required for the cuprous titration, which 
possesses certain advantages and which also will be described. 


TABLE I. - 

Results of Determination of Pure Glucose Solutions. Fehling’s Solutions. 
Cupric and Cuprous Titrations. Kahlbaum’s ‘K’? Glucose and 
United States Bureau of Standards Glucose,.Dried at 85°C. 
Solutions Made by Weight. 


y Sd Cuprous titration. ; Cupric titration. 
Glucose takén. |= =e 
g Cu reduced. | yrynsonsWalker).|  Cureduced. | yryncon:Walleer). 
mg mg. mg. mg mg 
50 101.5 49.7 
100.9 49.4 
100 199.0 100.3 
199.5 100.5 
198.4 100.0 
198.0 99.8 
200 375.0 200.2 
373.8 199.4 : 
; 374.2 199.6 374.0 199.5 
373.3 199.2 373.6 199.3 
373.4 199.2 374.3 199.6 ; 
376.5 201.0 375.5 ~ 200.4 


Fehling’s Solution. 


Method.—Measure 25 ce. (pipette) of each of the two Febling’s 
Soxhlet solutions’ into a 300 or 400 cc. flask. Add 50 ee. or less 
of the (approximately neutral) sugar solution containing from 
20 to 200 mg. of sugar, and water (if necessary) to make a total 
volume of 100 ce. Cover with a small inverted beaker and heat on 
an asbestos mat over a flame so adjusted as to bring the solution 
to boiling in 4 minutes. Boil 2 minutes. Stand the flask in the 


oe sink under running water till cool (3 to 4 minutes). The sub- — 


sequent treatment depends upon whether the cuprous or Ee RHE 
titration is used: we prefer the former. 


§ Fehling’s Soxhlet Solution 1: 34.64 gm. CuSO..5 HO in 500 ce. Sel 
tion 2:173 gm. Rochelle salt and 50 gm. NaOH in oe ey 


S fa * 


OS 


= . ) ec. Bate pipette) or 25 cc. if 
y hi cuprous oxide i is ; present, of the iodate-iodide solution 
(see below), followed by 15 to.17 cc. of 5 N H.SO,. The acid 
should be added from a cylinder or fast flowing pipette in order 
that the acidification of the whole solution be accomplished 
promptly; hypoiodite in alkaline solution oxidizes the organic 
acids present and some iodine may be thus used if acid is added 
very slowly. There is no danger of this error if the acid is added 
quickly. Shake the solution gently for a few moments until the 
cuprous oxide has dissolved. The solution should become clear, 
though often some cuprous iodide will separate. Add 20 ce. of 
saturated potassium oxalate and rotate the flask until the cuprous 
iodide is completely dissolved. 

If the alkaline solution is taken from the tap while it is still 
slightly warm (about 40°) and the iodate, acid, and oxalate are 
added, the cuprous oxide dissolves almost immediately and the 
solution remains clear; when cold, cuprous iodide may first sepa- 
rate, and when this is dissolved after the addition of oxalate, acid 
potassium tartrate may crystallize, but neither affects the result, 
Titrate the solution with standard thiosulfate (0.1 N), adding a _ 
few ec. of starch-solution toward the end, before the ee 
ance of the green color. 

It is necessary to know accurately the amount of iodine added " 
- in the iodate solution, and the blank reduction of the Fehling’s — 
solutions Boitthe’ Fehling’s solution with 50 cc. of water instead 
of sugar, cool, and treat as above described. The value of the 
blank remains practically unchanged for long iods if the 
Fehling’s solutions are measured separately and mixed only 
as used, and its determination need be made only occasionally. 


Calculation.—F rom the blank titration subtract the titration of the sugar 
determination, the remainder representing I, required for the oxidation 
of cuprous salt. Multiply by the copper factor of the thiosulfate (1 ec. 
0.1 Nn = 6.36 mg. Cu), and find the amount of sugar equivalent to the 
copper by reference to Munson-Walker tables (12)4 or divide the amount 
of copper reduced by the corresponding ratio obtained from the glucose 
curve in Chart 1. | 


4See also Mathews, A. P., Physiological chemistry, New York, 1915, 
and U. S. Dept. Agric., Bureau of Chemistry, Bull. 107, 1912. 
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Cuart 1. Copper: glucose ratios for Fehling’s solution and for the 
macro combined reagent, and. copper:lactose ratios for Fehling’s solu- 
tion. Divide the amount of reduced copper by its corresponding ratio as 
shown by the respective curves. 
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Composition of Iodate-Iodide Solution.—5.4 gm. of KIO; and 
60 gm. of KI are dissolved in water to which is added a small 
amount of alkali (to prevent the formation of hydriodic acid and 
its oxidation by air), and diluted to a liter. \ 


/ Cupric Titration—To the cooled alkaline copper solution add 


6 gm. of KI and 25 cc. of 5 n H.SO,. Titrate with standard 
thiosulfate, adding starch solution toward the end. The titra- 
tion is subtracted from a similar blank determination on the 
Fehling’s solution, the difference representing copper reduced 


‘by the sugar. For the cupric titration the copper solution must 


be measured accurately. Consult Munson-Walker tables or 
Chart 1 for the conversion of copper into terms of sugar. 

The amount of acid added in both titrations is important. In 
the cuprous titration an excess sufficient to dissolve the cuprous 
oxide and to liberate the iodine from the iodate-iodide mixture 
is essential, but a very great excess causes the decomposition of 
the complex oxalate and is therefore to be avoided. An excess of 
15 to 40 cc. of N acid over the amount required to neutralize the 
alkali of the Fehling’s solution is satisfactory; this is equivalent 
to a total of 16 to 20 cc. of 5 N acid. A larger excess of acid is 
necessary in the cupric titration,for the same reason for which 
it is to be avoided in the cuprous titration. The tartrate and 


‘perhaps the organic products of the sugar oxidation tend toform 


complex salts with cupric copper similar*to the oxalate and thus 


to prevent its complete reduction to cuprous iodide, and these 


complex salts are unstable in the presence of high acidity.. The 
cupric titration blank is somewhat lower when the solution is 
only slightly acidified than the value obtained on adding a large 
excess of acid. Sulfuric acid and not hydrochloric must be used 
for the neutralization. % 


Copper-Carbonate Solutions. 2 


The reagent devised by Benedict (13) and widely used for the 
qualitative detection of sugar in urine has the advantage that, 
due in part to the lower alkalinity of alkali carbonate used as a 
substitute for the’ hydroxide, the reagent does not yield precipt- 
tates on boiling with dilute solutions of creatinine, uric acid, 
chloroform, and perhaps other substances which do reduce the 
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more alkaline Fehling’s solution. A further advantage is that 
the reagent does not deteriorate with age. With these points in 
mind we have used Benedict’s qualitative reagent and a number 
of similar copper-carbonate solutions for the iodometric deter- 
mination® of glucose in urine and other solutions in the expecta- 
tion that the normal constituents of urine would not reduce 
copper at the lower alkalinity. As explained later, however, 
this expectation is only in part realized. 

By the addition to Benedict’s or other similar solution of suit- 
able amounts of potassium iodide one may prepare a single’ 
reagent of good keeping quality and in some respects satisfactory 
for sugar determination by ‘“‘cupric titration’? of the residual 
unreduced copper. Similarly, by adding iodide, iodate, and 
oxalate to such solutions one may prepare a single permanent 
reagent for the “cuprous titration;’’ and we have developed and 
recommend such a solution, the preparation and use of which 
are described below. This reagent appears to be permanent in 
that its blank titration does not change, and its use is rapid, 
convenient, and accurate as far as concerns the determination of 
copper, the sharpness of end-point, and agreement of duplicates. 
It is applicable to the determination of reducing sugar in moder- 
ately large amounts (up to 150 mg. of glucose) as an alternative 
reagent for Fehling’s solutions. Its advantage is the convenience 
in having the chemicals combined in a single solution and the fact 
that the amount of copper reduced by a given amount of sugar 
is about 10 per cent greater than with Fehling’s solution, and the 
ratio of Cu: glucose more constant. With such a combined 


5 Benedict’s qualitative solution may be used for either the cuprous or 
cupric titration as follows: To 25 ec. of the reagent add sugar solution con- 
taining not more than 50 mg. glucose and water to-‘make the total volume 
100 cc. Boil 5 minutes and cool. For cuprous titration add 25 ce. iodate- 
iodide solution, acid, and oxalate, and titrate exactly as described for the 
use of Fehling’s solution. For cupric titration add 5 gm. KI and 25 ee. 
5 N H2SO, and titrate. In either case subtract the titration from the cor- 
responding blank. The amount of copper reduced by glucose with this 
reagent is about 10 per cent less than with Fehling’s solution and about 20 
per cent less than with our ‘‘combined reagent’’ under the above conditions 
of heating. (48.8 mg. glucose reduced 90 and 89.8 mg. Cu, or 1.84 Cu:1 
glucose.) We have not determined the reduction with other amounts of 
glucose. The reduction of this reagent by normal urines (5 ec.) is equiva- . 
lent to 0.05 to 0.10 per cent glucose, although no precipitate is formed. 
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reagent all that is necessary is to add the sugar solution, boil, 
eool, acidify, and titrate, and the process is accordingly very 
simple; but in order to combine all the necessary chemicals in a 
single solution potassium salts must be used which increase the 
cost of the reagent. The use of the carbonate reagent for deter- 
mination of sugar in urine and the extent of its reduction by 


normal constituents of urine will be treated in a later section of 
this paper. 


Combined Carbonate-Citrate Reagent. 


gm. 


; per liter 
0.1 m copper sulfate (crystalline 5 H,O)................ 25.0 
0.25 “ potassium citrate (crystalline H,0).............. 81.0 
Oni ss carbonate (anhydrous)................ 70.0 
Osis" oY oxalate: (crystalline HO). .... .4...... 92.0 
Oat a eel eulieris, = tee gees Shae teels Ciorehiaie ss Sakata lees 3.50 
: a is LOGUE A 5 ta ratap a ee hie a: PME. det 50.0 


The citrate, carbonate, and oxalate are dissolved in about 600 
ec. of warm water, and into this solution the copper sulfate, dis- 
solved separately, is poured with stirring. The iodate and iodide 
are together dissolved in 150 to 200 ec. of warm water and added 
to the alkaline copper solution, which is then cooled and diluted 
to a liter. This solution is of course to be used only for the 
cuprous titration. The procedure is as follows. 


50 cc. of the reagent are accurately measured into a 300 ec. Erlenmeyer 
flask to which are added the sugar solution containing not more than 150 
mg. of glucose, and water if necessary to make the total volume 100 cc. 
Cover the flask with a small inverted beaker and place on an asbestos mat 
over a flame so adjusted as to bring the contents to boiling in 4 minutes. 
Boil 5 minutes.’ Cool under running water, add 20 ce. of 5 Nn H.SO,, and 


5 We have estimated the cost of material used in this reagent for a single 
determination (50 cc.), at present prices, at about 6 cents. The use of 
sodium carbonate and citrate (in which case the oxalate cannot be incor- 
porated in the reagent, and is added just before titration) reduces the 
cost by one-third. 

7 The amount of copper reduced by glucose is somewhat greater with 
this solution than with Fehling’s solution. This is in accord with the 
results of Benedict who pointed out the advantage of the low alkalinity 
of carbonates in avoiding destruction of glucose. However, the rate of the 


reduction of copper, and presumably of the dissociation of glucose into the 
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shake (cautiously at first) for a few moments until the cuprous oxide and 
iodide are completely dissolved. If the solution is slightly warmed (40°) 
the precipitate dissolves quickly and the solution remains clear; otherwise 
erystals of cupric oxalate or the deeper blue potassium cupric oxalate may 
form, but their appearance does not interfere with the end-point. Titrate 
the solution with 0.1 N thiosulfate.* A blank titration on the reagent (50 
hypothetical substance actually oxidized, is slower at lower alkalinity, and 
the completion of the oxidation requires longer heating than at the alka- 
linity of Fehling’s solution. For this reason it is important to adhere 
closely to an accepted period of boiling. If this is not done rather irregu- 
lar results are obtained. Although we have selected 5 minutes of boiling, 
the reduction is incomplete in this time, and longer heating gives a larger 
amount of cuprous oxide; though longer heating also causes more reduction 
by the constituents of normal urine. By prolonging the period of boiling 


‘to 10 minutes the reduction is substantially complete and with glucose 


solutions rather more constant results are obtained, but by so doing the 
insensitiveness of this reagent to normal urine is largely lost and it pos- 
sesses little advantage over Fehling’s solution. 

8 We find the use of potassium biiodate, KH(IO;)2, convenient and accu- 
rate for the standardization of thiosulfate, and it may also be used instead 
of iodate in preparing the copper reagents. In the latter case the biiodate 
solution must be made alkaline before mixing with KI, and an equivalent 
amount of the biiodate is used. Molecular weight KH(IO3)2 = 389.95 x 
iy X qo = 3.2496 gm. for 1 liter of 0.1 n I, solution when reacting with an 
excess of KI and acid. . 

Pure potassium biiodate may be conveniently made as follows: 110 
gm. KCIO; are added to 450 ec. warm water containing 40 ce. concentrated 
HCl in a 2 liter Erlenmeyer flask, and placed in a well ventilated hood. 
100 gm. of powdered iodine are added and the mixture is warmed slowly 
with occasional shaking until the reaction starts. The reaction proceeds 
rather violently, with the evolution of chlorine, but if not heated too far 
very little iodine is lost. When the reaction has subsided the solution is 
boiled for a few minutes and filtered boiling hot by suction. On cooling, 
about 150 gm. of biiodate crystallizes, which is about 90 per cent pure. 
This is filtered off by suction and redissolved in about three times its weight 
of boiling water, the solution being filtered hot. After standing over night 
(in the ice box) the crop‘ of crystals is filtered by suction and dried (after 
removing filter paper) in the oven at 100°C. The yield is about 100 gm. 
or 70 per cent. 

In our experience this once recrystallized salt is pure (100.0, 99.96, and 
99.95 per cent by analysis; after second recrystallization 99.98 and 99.92; 
and after a third 99.94 and 99.98 per cent). We are indebted to Mr. M. L. 
Heidemann for carrying out this preparation and for the analyses, and to 
Dr. 8. W. Clausen for calling our attention to the process which is modified 
from the work of Lamb, Bray, and Geldard (Lamb, A. B., Bray, W. C., 
and Geldard, W. J., J. Am. Chem. Soc., 1920, xlii, 1636). ; 
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ec. of reagent + 50 cc. of water), after heating as above, is made, and © 
recorded in terms of 0.1 n thiosulfate. From this value the titrations of . 


determinations are subtracted, and the remainder multiplied by 6.36 gives be 
the amount of copper reduced. The ratio of Cu:glucose varies somewhat Re 
with the amount of sugar but is more constant than the ratios with Fehl- . 
ing’s solution. Ghart 1 gives also a curve for this reagent showing the 


ratios corresponding to varying amounts of copper. The amount of copper 
found divided by the appropriate ratio gives the amount of sugar deter- 
mined. 


Carbonate-Citrate Reagent for Cupric Titration.—lHf it is desired 
to use the carbonate reagent for ezther the cupric or cuprous titra- 
tions (or if the potassium salts necessary for the ‘combined 
reagent” are not available), a solution of substantially the same 
reducing power may be made as follows. 


peniliter 
G2) cmecopper sulfate (crystalline) e265 sao. Jods ole tides oie 25.0 
0.25 “ sodium citrate (crystalline $(11 H,O))................ 90.0 
O75 ss 4ar © -catbonate (anhydrous). 2.5 4..0-c0c-nsacmascei 50.0 


This solution is to be used as above described for the combined 
reagent, with the following difference. For cupric titration add, 

after cooling, 6 gm. of KI and 25 cc. of 5 N H2SOu, titrate with 

0.1 n thiosulfate, and subtract the titration from the similarly 
determined cupric blank for the reagent. For cuprous titration, 

add, after cooling, 25 cc. of the iodate-iodide solution (p. 373),5 f 
20 ce. of 5 N HeSOuz, and 20 ce. saturated potassium oxalate, warm ‘ 
the solution to about 40°, and when the cuprous oxide is all dis- 
solved titrate with thiosulfate and subtract from the blank for 
the reagent with 25 cc. of the iodate solution. 


. 
V THE DETERMINATION OF SMALL AMOUNTS OF SUGAR. 


For some purposes, such as blood analysis, it is essential to be 
able to determine a few milligrams or tenths of milligrams of 
sugar, and in many other circumstances the determination of 
such small amounts.is desirable and convenient. For sueh cop 
ditions the deligate iddometric procedures are admirably suite 
Wenuse in such cases a copper-carbonate solution of the follows 
composition.® . i 

® The composition of this solution as regards copper, tartaric acid 7g 
carbonate is nearly the same as that used by Folin and Wu, and appeasg 


be optimum for copper reduction by dilute sugar solutions. The a — Ri. 
fy of 
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a ei. 
Micro Carbonate-Tartaric Acid Reagent. 


inal concentration. ; spi. Tees 
0.02 mM _ copper sulfate (crystalline)................... ne SDE 
0:05) “4 Sstantariqvuacid?.< osc cdoe.e:... 02... eee ee “35 
0.4 “ 1 soem rea (anhydrous). .........@.....) 40.0 
iypobassifim iodide: Faget. w isicb se ee ny {hii 10.0 
OE. jodatens gal diele iw. <..o-. 2.2 
0.1 mw e ORa LAGE. Neat obs >. 0.0s0< 3h a 18.4 


. Dissolve the carbonate in about 400 cc. of warm water, and 
“jito this pour with stirring the copper sulfate and tartaric acid 
dissolved in about 150 cc. of water. Dissolve the iodate, iodide, 

i: and oxalate in ahout/ 250 cc. of water, rinse into the alkaline 
copper solution, cool, and diluté to a liter. The above formula 

is used only for the cuprous titration, but by omitting the iodate, 
iodide, and oxalate the solution may be used for either method, 

table additions being made previous tg titration. 

* Molecular equivalent amounts of either Rochellé salt (14 gm.) 
or sodium citrate (16 gm.) may be substituted for the tartaric 
acid, but in either case the resulting solutions have a lower reduc- 
ing ‘power, about 10 and 20 per cent less, respectively, than the 
reagent with tartaric acid, and when such solutions are used it is 
suggested that a table of standards be prepared by determining 
0.25, 0.5, 1,and 2 mgs quantities of pure glucose. When plotted 
the results should give a straight line, or nearly so, and from the 

curve intermediate values are obtained by interpolation. 
of The amount of copper reduced by a_given amount of glucose 
depends not only upon the composition of the solution. but upon 
the conditions of heating and the total volume of the solution. 
A small amount of glucose is,oxidized by the oxygen dissolved in 
the solution and some reoxidation of cuprous oxide takes place 
especially during the heating. Somewhat greater reduction is 


sion of iodate and iodide in this solution as in the combined macro reagent, - 

vlows the suggestion of Maclean. Their presence i e alkaline solution 
vo" 0 effect during the oxidation of the sugar, but has u great advantage, 
99.9. the procedure described by Seales for instance, that the iodine f 

ana sidification at once oxidizes the cuprous salt as rapidly as tnlli 
Hei qimed by solution of cuprous oxide and thus avoids all danger of its 
Dr. <tion by air. It will be noted that in using Fehling’s solution as above 
“ibed the iodate solution is added before the mixture is acidified, 
, he reason just stated. 
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oltained by heating in an atmosphere of illuminating gas, but the 
extent of oxidation of sugar and cuprous oxide by air is practically 
constant as proved by agreement of duplicate determinations 
under the same conditions, and, by being included in the stand- 
_ ard determinations on which the tables are based, does not intro- 
duce error. The standard values must, however, be determined 
under definite conditions as to volume of liquid, duration and 
manner of heating, and as to size and shape of vessel containing 
the solution. 
The following series of determinations show the effect of vary- 
ing the conditions of heating, especially the effect of exposure to 
air during and after the heating. — o 


5 cc. of the reagent and 5 ce. of solution containing 0.5 or 1.0 mg. of 
glucose were boiled for 2 minutes in large test-tubes over a microburner. 
These results show that the greatest error is due to oxidation of sugar or 
of cuprous oxide during the heating, and that when the tubes are covered 
so as to minimize convection currents the amount of reduction is reason- 
ably constant and the error small. Whem cold the reoxidation by air is 


sléw. ; 
EIST PRE OO IEEE fe 3s ate Ae Be a ct Mh) 20 
. Copper reduced. 
’ ‘ -1.0 mg. 0.5 me. 
; . glucose. glucése. 
e eae Te 
e mg. mg. 
Test-tube covered. ; Le Loe 
* Titrated at once when cold oo 
; ie Pah 2.05 0.98 
2.00 0.96 
: : ‘ 5 1.01 
* eiatrated 20min. after"cooling ......... 2.2. 66...ee8. 1.04 
After cooling, acrated 2 min... ...........cceecev eee 0.95 


| Before boiling, added 5 ee. water, total volume 15 cc. ee 0.82 


TABLE IL. ” 
mounts of Glucose Corresponding to Copper. Micro Reagent. Cuprous 
Titration. 65 Cc. Reagent + 5 Cc. Sugar Solution. 


Microburner 23 min. | Water bath 15 min. 0.005 n Glucose in blood.® 
a 
' quired to oxi- . 
Cu reduced. eee | Glucose || dize cuprous Micro- Water 

Glucose. * ea * up burner bath 15 

u blood. in blood. oxide. 23 min, PSN 

(1) (2) (3) (4) (5) (6) (7) (8) 
mg. mg. per cent mg. per cent cee per cent | per cent 


0.1 | 0.07 | 0.014] 0.07 | 0.014 |} 0.5 | 0.020} 0,020) | 4// 
0.2 | 0.133} 0.026] 0.13 | 0.026 || 1.0 | 0.040] 0.040) J 7 
0.3. |, 0.186.| 0,037 | 0.18. | 0,037 ||. : 1.5  .}. 0.086 | 0.08e 
0.4 | 0.235 | 0.047] 0.24 | 0.047 || 2.0 | 0.067 | 0.067 
0.5 | 0.278| 0.055| 0.29 | 0.058 || 2.5 | 0.082] 0.083 
0.6 | 0.326 | 0.065| 0.33 | 0.066 || 3.0 | 0.100| -0.096 
0.7 | 0.374] 0.075 | 0.37 | 0.074|| 3.5 | 0.114] 0.109 
0.8 | 0.415] 0.083| 0.4. | 0.082 || 4.0 | 0.130] 0.122 
0.9 | 0.465| 0.093] 0.45 | 0.090]] 4.5 | 0.145 | 0.135 
1.0 | 0.515] 0.103] 0.50, | 0.100 ||. 5.0 | 0.160] 0.148 
1.1 | 0.564] 0.113 | 0.54 | 0.108 || 5.5 | 0.275 | 0.162 
1.2 | 0.614{ 0.123] 0.58 | 0.116 || 6.0 | 0.189] 0.176 
1.3 | 0.664] 0.133] 0.62 | 0.124 || 6.5 | 0.202) 0.188. 
1.4 | 0.711| 0.142! 0.66 | 0.132 || 7.0 | 0.217 | 0.200 
1.5 | 0.758 | 0.151 | oszo-| 0.140); 7.5. |» 0.232 | 0.214 
1.6 | 0.804] 0.161| 0.75 | 0.150|| 8.0 | 0.245 | 0.20% 
1.7 | 0.852] 0.170] 0.79-| 0.158 || 8.5. | 0.259] 0.243° 
1.8 | 0.90 | 0.180] 0.83 | 0.166 || 9.0 | 0.274] 0.255 
1.9 | 0.945] 0.189] 0.88 | 0.176|| 9.5 | 0.287] 0.268 
2.0 | 0.99 | 0.198] 6.91 | 0:182 || 10.0 | 0.300] 0.280 
2.2 | 1.077| 0.215| 1.00 |, 0.200]] 10.5 | 0.315| 0.292 ° 
2.4 | 1.17 | 0.234.| 1.08 | 0.216 |) 11.0 | 0.882 | 0.305 
2.6. | 1.255 | 0.251.| 1.17 | 0.234 || 11.5 | .0.349 | 0.317 
2.8 | 1.34 | 0.268} 1.25 | 0.250]) 12.0 | 0.365 | 0.32% 
3.0 | 1.428 | 0.285} 1.33 | 0.266 |] 12.5 | 0.380] 0.342 
3.2 | 1.515| 0.303|-1.42 | 0.284|| 13.0 | 0.396) 0.356 
3.4 | 1.61 | 0.322] 1.49 | 0.298 || 13.5 | 0.413) 0.369 
3.6 | 1.714}. 0.348] 1.56 |. 0.312 || 14.0: G80 | 0,282 
3.8 | 1.815| 0.363| 1.68 | 0.326 || 14.5 eNeG4"g)) 0.897 
4.0 | 1.914] 0.383] 1.71 | 0.342 || 15.0 | 0.457] 0.410 
4.2 | 2.02 | 0.404] 1.80 | 0.360 ; 

4.4 2.12 | 0.424] 1.89 | 0.378 

4.6 |-2.24 | 0.448} 1.98 | 0.396 2 
4.8 2.06 | 0.412 : 


* Figures in Columns 3, 5, 7, and 8 are used only when 5 
filtrate, equivalent to 0. 5 cc. of blood, are taken for the 
They ably also for urine containing saul amounts 0 ] 
of 1:10 diluted urine or urine filtrate are taken. For uri ning more 
than 0.4 per cent sugar, which must be diluted 1:50, 
5 ec. of the dilution are uusent the values in these colt ans 
plied by 5, 10, or 20, respective s 


380 


1:10 blood 


Amounts of Glucose Corresponding to Copper. 
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TABLE III. 


Titration. 


(1) 
2 ec. reagent + 2 ce. sugar solution heated 
10 min. in boiling water bath. 


Copper 


reduced. 


0. 


NFB eee eee eH o 


SOMNAMRWNHOOD: 


Glucose. 


mq. 
0.083 
0.124 
0.165 
0.206 
0.247 
0.288 
+ 0.329 
~ 0.370 
0.410 
0.452 
0.493 
0.534 
0.575 
0.614 
0.656 
0.698 
0.730”. 
0.780 
0.821 
0.862 


Gocco 
biood, 


per cent 


0.042 
0.062 
0.083 
0.103 
0.124 
0.144 
0.165 
0.185 
0.205 
0.226 
0.247 
0.267 
0.288 
0.307 
0.328 
0.349 
0.370 
0.390 
0.411 
0.431 


Micro Reagent. 


Cuprous 


9 


i (2) 
10 cc. reagent + 10 cc. sugar solution heated 
20 min. in boiling water bath. 


Sa | Ghuctes: || “Ce 
mg. mg. per cent 
0.4 0.38 0.038 
0.6 0.47 0.047 
0.8 0.52 0.052 
1.0 0.62 0.062 
1.5 0.84 0.084 
2.0 1.08 0.103 
2.9 1.25 0.125 
3.0 1.45 0.145 
3.5 1.66 0.166 
4.0 1.87 0.187 
4.5 2.07 0.207 
5.0 2.20 0.227 
5.5 2.48 0.248 
6.0 2.69 0.269 
6.5 2.90 0.290 
7.0 3.10 0.310 
7.5 3.90 0.333 
8.0 3.50 0.350 
9.0 3.92 0.392 
10.0 4.32 0.482 


my a 


We have determined the degree of reduction with the tartaric 
acid solution with varying amounts of glucose under the following 
‘conditions, the heating being carried out in all cases in Pyrex 
test-tubes, 20 X 200 mm., covered with small inverted beakers or 
bottle caps. 


2 ce. 


“c 
2 


it3 


reagent + 
sugar solution 


reagent ++ 


sugar solution 


reagent -+ a 


er 


eee ewww ne 


lane 


“ “cc “cc 
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. in boiling water bath. 


boiling over microburner. 


in boiling water bath. 


of eareful determinations on solutions 
uu of Standards glucose, the standard 
and III have been calculated. We 
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@ 
find it most convenient to use 5 cc. of the reagent for a deter- 
mination and for this volume Table II contains detailed data for 
the two methods of heating, and for the cuprous titration. 


Procedure.—Measure 5 ce. of the reagent into a large test-tube, and add 
an equal volume of the sugar solution containing not more than 2.0 mg. of 
glucose. Cover the tube and either boil for 2} minutes over a small flame or 
place in a boiling water bath for 15 minutes. Cool forseveral minutes under 
the tap. If using the combined reagent containing oxalate and iodate, 
add 5 ee. of Nn H,SO, and after about 1 minute titrate with 0.005 nw thiosul- 
fate. A blank titration on the reagent is determined after heating with 
an equal volume of water. The value of the blank does not change during 
at least several months and therefore need be determined only occasionally. 
The difference between the blank and the titration of a determination rep- 
resents reduced copper, and the corresponding amount of sugar is learned ~ 
by inspection of the table (1 cc. 0.005 w thiosulfate = 0.318 mg. copper). 
When 10 or 2 cc. of the reagent are used a proportionate amount of acid is 
used for acidification, and the corresponding table is used for the calcula- 
tion. 


The following results of a series of determinations of copper 
reduced by known amounts of pure glucose, using 10 cc. of 
:gagent (not containing oxalate) + 10 cc. of sugar solution, and 
heated 20 minutes in a boiling water bath, show the close agree- 
ment of the cupric and cuprous titrations and are illustrations, of 
the data from which the standard tables and curves are derived.. 


Copper reduced. 
Glucose taken. i eeeeere © Neal Sele Ee 
_ Cuprous titration. Cupric titration. 
mg. mg. mg. 
0.4 0.47 0.4 
0.8 1.40 1.40. 
1.2 2.34 2.34 
1.6 3.32 3.38 
2.0 4.30 4.24 
3.0 6.88 6.92 
4.0 9.42 9.50 
5.0 


11961 11.68 
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The Determination of Sugar in Milk, Urine, and Blood. 


Milk. 


Precipitate the protein and fat by tungstic acid as proposed by 
Folin and Wu (14) for blood. 10 cc. of milk and 80 cc. of water 
are measured into a 200 cc. flask. Add 5 ce. of 10 per cent sodium 
tungstate and 5 cc. of 3? N H:SO.. Shake well and pour through 
a folded filter. The filtrate should be perfectly clear. 25 or 50 
ce. of the filtrate, equivalent to 2.5 or 5.0 cc. of milk, are added to 
25 ec. of each of the Fehling’s Soxhlet solutions (25 cc. of water 
are also added if 25 ce. of filtrate are used), and the determina- 
tion is carried out as above described, using either the cuprous or 
the cupric titration, the former being somewhat preferable. Con- 
sult Munson-Walker tables (15) for the conversion of copper into 
terms of lactose. Instead of the Munson-Walker tables the lac- 
tose curve of Chart 1 may be conveniently used. This and the 
glucose curve have been prepared from their tables and give the 
ratio of copper: sugar with varying amounts of copper. The 
amount of copper found divided by the corresponding ratio gives 
the amount of sugar? 


Urine. 


The Fehling’s Soxhlet solutions may be used as above described 
also for the determination of sugar in urine, using 5 ce. of urine 
+ 45 ce. of water, though the results so obtained are too high 
because of the reduction of copper by constituents other than 
sugar. Normal urine, of specific gravity 1.020 and giving‘a nega- 
tive test with Benedict’s qualitative reagent, gives a reduction 
corresponding to 0.18 to 0.25 per cent of glucose, though no precipi- 
tation of cuprous oxide occurs. This normal reduction which is 
only slightly decreased, if at all, after fermentation is equivalent 
to a plus error of about 2 to 4 gm. of glucose in a 24 hour urine. 
With urines containing much glucose, this error, although con- 
siderable, is in many cases not important. The procedure is 
convenient in that no preliminary dilution of the urine is neces- 
sary unless it contains over 5 per cent of sugar. But for urines con- 
taining only little sugar, or when greater accuracy is desired, the 
direct use of Fehling’s solution is not to be recommended. 
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With the carbonate reagents the error due to reduction by 
normal constituents is less, but still considérable. With 5 or 10 
ce. of urine, diluted to 50 ec., with 50 ec. of the combined car- 
bonate-citrate reagent (p. 375), a series of ten different normal 
urines, giving negative qualitative tests with Benedict’s reagent, 
gave results equivalent to from 0.07 to 0.14 per cent of glucose, or 
about half the values obtained with Fehling’s solutions. With 
the micro carbonate reagent, 5 cc. of normal urines previously 
diluted 1:10 (0.5 ec. of urine) give about the same values. In 
neither case is the apparent amount of sugar in such normal 
urines very materially decreased by fermentation, which shows 
that the reduction with the carbonate reagents also is due in great 
part to substances other than glucose. Except for urines con-. 
taining very small amounts of glucose, when the percentage error 
is larger, and when the preliminary precipitation to be described 
later should be used if more accurate results are desired, the error 
caused by the normal reduction with the carbonate reagents 
may perhaps be disregarded. When the amount of sugar present 
is such that preliminary dilution of the urine is necessary, the con- 
centration of creatinine and other interfering substances is thereby 
reduced to a point at which they no longer cause reduction and 
the small error due to their presence quite disappears. When 
used as stated below, neither of the carbonate reagents is reduced 
by such amounts of protein, acetone, acetoacetic acid, or chloro- 
form as may occur in urine; nor do these substances or the normal 
constituents of urine interfere with the iodometric titrations. 

With the above statement of limitations, the application to 
urine of the methods here described may be summarized. From 
a qualitative test judge whether the amount of sugar present is 
large or small, and use one of three alternative methods. Because 
of its simplicity and quickness we commonly use the micro 
method with the ‘‘combined reagent” and the cuprous titration. 

Fehling’s Solution.—Use 5 cc. urine + 45 ec. water with 25 cc. each of 
Fehling’s Soxhlet solutions as described on page 371. Applicable with 
urines containing up to 5 per cent sugar; if known to be very high, use 2 
cc. or less urine. 

Macro Carbonate-Citrate Reagent.—Use 5 cc. urine + 45 ce. water with 
50 cc. of reagent as described on page 375. Applicable up to 2 per cent 


sugar; if strong qualitative test, use 1 or 2 cc. urine, or 5 cc. previously 
diluted 1:2 or 1:5. 
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Micro Reagent.—Dilute the urine 1:20, 1:50, or 1: 100, as indicated by 
the qualitative test, and use 5 cc. with 5 cc. of reagent as described on 
page 382. 

If the qualitative test is only faintly positive the preliminary 
treatment described below should be followed. 


The Reduction of Normal Urine and the Determination of Small 
Amounts of Sugar in Urine. 


With urines containing only a few tenths ofa per cent of sugar, 
no one of the existing methods gives, according to our experience, 
even approximately correct results without preliminary removal 
of the interfering substances. Of the methods used for such 
removal, those based on precipitation by mercuric salts appear 
to be the most satisfactory and have been most often used. While 
such methods perhaps are an outgrowth of the older urea method 
of Liebig, the first to use mercuric salts preliminary to sugar 
determination appears to have been Johnson (16) who in 1887 
used HgCl, to remove creatinine previous to the determination 
of sugar in urine by the picric acid colorimetric method which 
he says had been introduced in 1883 by George Johnson. Patein 
and Dufau (17) in 1902 described the preparation and use of a 
solution of acid mercuric nitrate for the treatment of urine and 
other solutions preliminary to sugar determination. Their for- 
mula has been repeatedly used (18) and is probably the origin 
of the solution recently described by Benedict and Osterberg (19). 
The procedure of Patein and Dufau, improved by thesubstitu- 
tion of sodium bicarbonate for sodium hydroxide, proposed by 
Benedict, is an almost ideal preparation for glucose determina- 
tion. It removes nearly all interfering substances, and does not 
precipitate, adsorb, or destroy glucose. It does, however, leave 
some mercuric salt in the filtrate, and as pointed out by Patein 
and Dufau this must be removed before treatment with alkaline 
copper solution. It is not clear why this should be necessary for 
the cuprous iodometric titration, which we expected would meas- 
ure the total reduction, both copper and mercury, but the pres- 
ence of mercury salts does cause slightly low results. 

10 With pure glucose solutions, the filtrates contain only the merest 
trace of mercury and correct results are obtained without subsequent 
treatment with sulfide and copper, while with glucose added to urine the 


results are low unless the mercury, present in much greater amount, is 
removed. 
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The mercury is removed from the acidified filtrate by Denigés 
(18), Schéndorff (20), and Benedict and Osterberg (19) by the use 
of Zn or Zn-Cu. This plan is not permissible for the iodometric 
methods because of the reduction of nitrate to nitrite, the latter 
liberating iodine from KI on later acidification. We remove the 
mercury from the filtrate by-a small excess of (NH4).S or NaS, 
the excess of sulfide being in turn removed by CuSOu, the excess 
of which remaining in the filtrate is with the cuprous titration 
not objectionable. Treated in this way, the details being pre- 
sented below, urines yield filtrates which behave altogether like 
sugar solutions, and may be analyzed with as great accuracy. 
Added glucose is recovered quantitatively. 

The filtrates from normal urines contain according to our. 
method surprisingly little reducing substance, commonly the 
equivalent of about 0.02 or 0.03 per cent of glucose in the urine. 
Very little if any of this reducing substance is as a rule fermented 
by yeast, which indicates that it is not glucose; and from this 
fact it follows that at least many normal urines actually contain 
practically no glucose. We shall consider in a later paper the 
extent of the variations in the amount of the reducing substance 
of the urine of normal subjects; but it may be noted here that 
our results are similar to but by no means identical with those 
recently reported by Benedict, Osterberg, and Neuwirth (21) 
who found the reduction of normal urine to be equivalent to from 
0.05 to 0.10 per cent or more of glucose, about one-third of which 
was fermentable by yeast. The results by our technique indicate 
somewhat smaller amounts of reducing substance, and that 
little of any of it is, as a rule, fermented by yeast. 

The solutions used for the mercury precipitation and subse- 
quent treatment are: the Patein-Dufau solution of acid mercuric 
nitrate, prepared in the manner recently stated by Benedict and 
Osterberg (19); a strong solution of NaS or (NH4).S, free from 
sulfites;! and a strong solution of CuSO, The precipitation is 

1 Sulfites (or thiosulfate), if added with the sulfide, are not removed 
by the later treatment and on acidifying are oxidized by and use up iodine, 
giving too high results. On adding an excess of ZnSO, to a few ec. of the 
sulfide solution, the filtrate when acidified and when starch is added should 
give a blue color with the first or second drop of iodine. A satisfactory 


solution of Na,S may be made by passing washed H.S from a generator 
into NaOH. 
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: TABLE IV. 
Reduction of Normal Urine, and Normal Urine with Added Glucose. 


Final | Blank After 
Normal urines. cage fr Copper reduced. po laeoee found pe eee 
filtrate.| tion. tion. 
0.008 NI mg. mg. |per cent)per cent|per cent 
I 1:4 | 1.60 0.508] 0.28 | 0.022 
1:4 | 1.35 0.43 | 0.25 | 0.020 
1:4 | 1.40 0.445} 0.254) 0.020} 0.021) 0.018 
Same + 0.04 per | 1.4 | 4.5 1.43 | 0.73 | 0.058 
cent glucose. 1:4 | 4.6 1.46 | 0.74 | 0.059 
1241.5,1.° 1.62 | 0.814) 0.065 
1:4| 5.2 1.65 | 0.828) 0.066) 0.062) 0.019 
II ea oe 2 1.02 | 0.52 | 0.021 
Pelt he 2 0.38 | 0.23 | 0.023 
£255) 152 0.38 | 0.23 | 0.023) 0.022 
Ill 1:5 | 0.45 0.14 | 0.09 | 0.009 
0.40 0.13 | 0.09 | 0.009) 0.009} 0.012 
Same + 0.10 per | 1:5.| 7.3 2.32 | 1.14 | 0.114 
cent glucose. te Slee 2.29 | 1.12 | 0.112) 0.113] 0.012 
IV (decomposed). | 1:5 | 0.2 0.06 
Same + 0.100 per | 1:5 | 6.5 2.07 
cent glucose. 155) Ga 2.10 
Average 2.08 
Minus 0.06 
2.02 | 1.00 | 0.100 
Vv 1:2 | 4.7 1.50 | 0.75 | 0.030 0.036 
Same by Benedict 0.046 
method. , 
VI TE} 0.035 0.037 
VII (after eating | 1:5 | 5.2 1.65 | 0.83 | 0.083 0.084 
apples). 
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carried out substantially as described by Benedict and Osterberg, 
by the use of equal volumes of urine and mercuric nitrate (25 ec.) 
and by the addition of solid NaHCO; to slight alkaline reaction 
to litmus paper. A drop of caprylic alcohol lessens frothing and 
introduces no error. If the urine is known to contain sugar it 
may be diluted with a known amount of water before precipita- 
tion; even ‘‘normal?’ urines may be diluted .so that the filtrate 
is 1:5 instead of 1:2 and so allow more rapid filtration. The 
filtrate, 15 cc. or more, is faintly acidified by a few drops of con- 
centrated H,SO,, a few drops of NaS (excess), and, after shaking, 
a few drops (excess) of CuSO, are added. The sulfides of mer- 
cury and copper are filtered off, leaving a water-clear filtrate 
which should contain a very small amount’of copper. If acid, it - 
is quite permanent and keeps indefinitely without change in its 
reducing power, but if slightly alkaline a faint precipitate of 
cuprous hydroxide may appear after a day or so. Unless the 
filtrate is to be analyzed the same day, it should be made faintly 
acid, if not already so. 2, 5, or 10 cc. of this filtrate are heated 
with an equal volume of the combined micro reagent as already 
described, using the cuprous titration (p. 382). The results in 
Table IV illustrate the amount of copper reduced by filtrates of 
normal urines and show the degree of accuracy in the determina- 
tion of added glucose by the method here described. 


Blood. 


For the preparation of the blood filtrates we employ the Folin- 
Wu (14) tungstic acid precipitation, since such filtrates are used 
also for the determination of other constituents. But coagula- 
tion of protein by heat and colloidal iron is also satisfactory. 

To a measured quantity of oxalate blood (2 to 15 cc., 2 or even 
1 cc. being sufficient for the sugar determination) add seven 
volumes of water and allow to lake. Add one volume of 10 per 
cent sodium tungstate and one volume of 3 N H.SO,. Stopper 
and shake; filter after 5 minutes. 2, 5, or 10 cc. of this filtrate, 
equivalent to one-tenth the volume of blood, are used with an 
equivalent volume of the micro reagent as described on page 382. 

These directions are applicable for all bloods containing not 
more than 0.4 per cent of glucose; for higher concentrations, the 


Se St let aie a. 
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blood filtrates are diluted or a smaller amount (and water) is 
taken for the determination. 

A comparison of the results by this and other methods will 
be reported by one of us in a later paper. It may be stated, 
however, that results by our method are in general substantially 
the same as by the methods of Folin and Wu, Maclean (8), and 
usually by the Myers-Bailey modification of the Lewis-Benedict 
method. All these methods in our hands not infrequently yield 
results which are much lower than the last procedure described 
by Benedict (22), and higher than the method described by 
Shaffer (23). According to our experience the technique here 
described is more reliable as well as more convenient than any 
of the other methods above mentioned. |, 
SUMMARY. 


“1. The reversible reaction 
Cutt + I-72 Cut sf, TI. : 


is applied to the determination of the mixture of cuprous and 
residual cupric copper resulting from the action of reducing sugar 
upon alkaline copper solutions. The reaction may be caused to 
take place to completion in either direction, thus enabling one to 
determine by iodometric titration either the cupric or the cuprous 
copper in a mixture of the two forms. 

2. The details of methods are given for both cupric and cuprous 
titrations, the latter being generally preferred. The use of several 
reagents for the determination of glucose by means of the cupric 
and cuprous titrations is described. 

3. The methods are applied to the determination of reducing 
sugar in milk, blood, and urine, as well as in other solutions. 
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THE REMOVAL OF AMMONIA FROM URINE PREPARA- 
TORY TO THE DETERMINATION OF UREA. 


By GUY E. YOUNGBURG. 


(From the Laboratory of Biological Chemistry, Medical Department, Uni- 
versity of Buffalo, Buffalo.) 


(Received for publication, November 27, 1920.) 


In the determinatian of urea by the urease method of Marshall 
(1) as modified by Van Slyke and Cullen (2) the ammonia deter- 
mination can be eliminated by preliminary removal of ammonia 
by the permutit method of Folin and Bell (8). It is evident that 
such a simple and rapid process should be very desirable in place 
of the present complete ammonia determination required when- 
ever urea is determined. 

The more satisfactory and less expensive urease solution of 
Folin and Youngburg (4) may also be used instead of the acetone- 
insoluble preparation of Van Slyke and Cullen. The latter does 
not go into solution well and in the course of a day is largely pre- 
cipitated, forming a muddy viscous mixture-solution which is 
rather undesirable to use, especially in aeration. 

Method for Removal of Ammonia.—Dilute 5 cc. of the urine to 
50 ce. (10 to 50 if very dilute urine) and mix well. Place 3 to 4 
gm. of dry permutit in a wide bottom flask, preferably a 200 ce. 
or 250 ce. volumetric, and add 20 to 25 cc. of the diluted urine. 
Agitate for 5 minutes. Allow to settle 15 to 30 seconds and then 
pour through a thin filter paper.!_ If there is no permutit ‘“dust”’ 
the urine may be decanted without filtering. The ammonia, is 
completely removed. 

Determination of Urea.—The Van Slyke and Cullen method is 
slightly modified to use the alcoholic urease solution and the 
filtrate from the permutit-urine mixture. To 5 cc. of the filtrate 


1 Filter paper must not contain any appreciable amount of ammonia. 
It was found during the work reported here that some filter papers con- 
tained as much as 1 to 2 mg. of ammonia N. 
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2 cc. of the alcoholic urease solution of Folin and Youngburg are 
added, together with 2 drops of a buffer solution, which contains- 
NasHPO, and NaH»PQ,., each in molecular concentration (142 
and 120 gm. respectively per liter). 15 minutes are allowed for 
decomposition of the urea by the enzyme. The remainder of the 
determination is carried through as described by Van Slyke and 
Cullen. ‘ 
TABLE I. 
Effect of Increased Amounts of Ammonia. 
Urine A. 
mg. per cc. 
BIRO GAIEN 3.835 0: cee Cae sree 8.43 
RUSE AR ING 0: 5.. 6° ka Grete 7.26 (86.10 per cent of total N). - 
Ammonia. N . ....:0.6¢s% 4.04.00 OAL (4.86% es eee 


To 10 cc. portions of the urine were added different amounts of ammonia 
N [(NH4)2SO,4] and the volume was made up to 50 ec. according to the 
usual dilution in urea determination. After agitating with permutit in 
the proportion of 6 gm. to 30 cc. of the diluted urine, the total N was deter- 
mined on a 50 ce. portion and urea on a5 ce. portion. 


Sample | Ammonia N added. oe Urea N obtained. 

mg. mg. per cc. mg. per cc. per cent* 

iv 0 8.11 (har? 85:69 
2 5 7.95 Telly 85.05 
3 10 8.02 7.14 84.70 
4 15 8.09 Cay/ 85.05 
5 20 8.02 Ten 85.36 
6 25 7.95 7.36 87.35 
7 30 8.01 Tat: e 87.02 
8 35 7.97 7.348 ae 87.02 
9 40 7.99 7.20 m 85.00 
10: 45 8.06 7.28 86.36 
itil 45 + 250 mg. NaCl. ee 7.34 87.02 


* Total N = 8.43 mg. per ce. 


The data from the experiments described in Tables I and II — 
show that urea is not absorbed or retained in any way by per- 
mutit, also that the urinary salts even in somewhat more than the 
maximum amounts found in urines (undiluted) are without effect. 

In Table I there have been added increasing amounts of 
ammonia N up to 45 mg. per 10 cc. of urine. This amount is 
more than has been found in urines. The total N and urea N 
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determinations, however, show that all the ammonia N was 
removed by the permutit. 

In Table II ammonia N was added so that the urine contained 
13.35 per cent of its N in the form of ammonia. Increasing 
amounts of NaCl were added, also a mixture of ordinary urinary 


TABLE II. 
Effect of Increased Amounts of Salts. 
Urine B. 
mg. per cc 
Plea MMM Nese ot oro chaise eTocs See a amelie cri di ef alecet 9.86 
/NTAVET OT IVES DS [ais Soles 5 0 POEs AGC RIEO OOo Co 0 CC OmOa ODD Oras 1.0 
Rees epee ee Samet tes Lc See meee A, Lee ore ae 19.4 


Ammonia N [(NH4).SO,4] and other salts were added to the urine and 
dilution was made as shown below. The urine was then agitated for 5 min. 
with permutit and filtered and the total N determined on 10 cc. of the 
filtrate (representing 4 cc. of the undiluted urine). 


Total A 
: ulat 4 
San aston, |mdeea. NaCl added. Water. |'toundi- |. Aromovea.N 
urine. 
per 
cc. mg. mg. ce. Plt aan; an ae Bh 
We W220 | ZB 200 50 | 8.89 | 1.335] 13.05 
Pee 26 17.3 400 50 | 8.85 | 1.375] 13.45 
B20) 7.8 800 50 | 8.79 | 1.435] 14.03 
Boa 20 | 7.3 1,600 50 | 8.94 | 1.285] 12.47 
eo) ¢ |! 9728 3,200 50 | 8.82 | 1.405] 13.64 
ee e20: | 7:8 6,400 50 | 8.79 | 1.435] 14.03 
FN DD e783 8,000 50 | 8.89 | 1.335] 13.05 
8 | 20 | 7.3 | 1,600 + 540 NaH.PO..4| 50 | 8.80 | 1.425] 14.08 


H.20 + 500 NasSO,.10 
0. 


* Total N = 9.86 mg. 0.365 mg. per cc. added = 10.225 per cent. 

{+ Through a miscalculation this amount of N makes the total ammonia 
N 13.35 per cent instead of 10 per cent as intended. 7.3 mg. in 20 cc. = 0.365 
mg. per cc. 


salts in amounts exceeding those found normally or pathologically. 
The results show that the ammonia was removed in all cases. 
Urines A and B were normal urines of acid reaction. Total N 
was determined by the simplified macro-Kjeldahl method of 
Folin and Wright (5). Urea was determined by the Van Slyke 
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and Cullen method except that alcoholic urease solution was used. 
Ammonia was determined by the permutit colorimetric method 
(3) and chlorides by the usual Volhard method. 

The removal of ammonia by permutit may of course be em- 
ployed equally well in any of the methods for urea determina- 
tion. The writer has employed it especially for the determination 
of urea by direct Nesslerization (4). It is particularly desirable 
in that case because no aeration is employed. 
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CHEMICAL STUDY OF SEVERAL MARINE MOLLUSKS 
OF THE PACIFIC COAST.* 


By P. GERHARD ALBRECHT. 


(From the Department of Chemistry and Hopkins Marine Station of Stanford 
University, Palo Alto.) 


(Received for publication, December 20, 1920.) 


The marine invertebrate forms of animal life have not often 
been the subject of chemical investigation. Lacking, as a class, 
the greater freedom of movement and the more highly organized 
nervous and circulatory systems which the possession of a bony 
skeleton allows, these forms, in general, are more sluggish in their 
metabolic activities, less responsive to chemical influences, and 
less attractive subjects of chemical study. 

Among the mollusks, the oyster has been the subject of consid- 
_ erable scientific investigation in regard to its composition, food 
value, and commercial propagation. The clam and Abalone 
have in recent years, particularly on the Pacific Coast, risen to a 
position of considerable economic importance, and regulations 
limiting the size of the animals collected for commercial use and 
the season of the year during which they may be taken are now 
in force. 

The following investigations deal specifically with five distinct 
species of marine mollusks which occur in considerable abundance 
along the coast of California. These are Abalone, Pismo clam, 
Cryptochiton, Ischnochiton, and owl limpet. 

1. Abalone.—Abalone belongs to the family of marine snails, 
the Haliotidz. It appears to be exclusively herbivorous in its 
habits, feeding chiefly on kelp and sea lettuce. The animals can 
often be obtained at low tide, as they occur on the rocks at depths 
varying from 1 to 30 meters below mean sea level. When full 


* This paper is a part of a thesis to the Department of Chemistry of Stan- 
ford University in partial fulfillment of the requirement for the degree 
of Doctor of Philosophy. 
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grown they weigh from 0.5 to 2 kilos. For commercial purposes 
Abalone on this coast is usually obtained by Japanese divers, 
who, equipped with diving suits, work from boats at some dis- 
tance off-shore at depths up to 30 meters. 

2. Pismo Clam, Tivella stultorum.—This bivalved mollusk 
occurs along the ocean shore imbedded in mud and sand at depths 
of from 1 to 4 feet. Its length is from 1 to 4 inches, depending on 
the age of the animal and the environment. in which it grows. 
Clams, as all other lamellibranchs or bivalves, feed chiefly on 
diatoms carried by the brackish tidal currents. 

-8. Chitons, Coat-of-Mail Shells—The chitons are an ancient 
family, biologically speaking, ranking among the most primitive 
of the molluscan forms. The shell is composed of eight separate 
but overlapping plates, forming a dorsal shield, and so giving the 
specimen the form of a boat embedded in a leathery girdle of skin. 
Underneath these plates are found the organs of the animal essen- 
tial for its life and below these a muscular foot. Two chitons 
obtainable in quantity on the Pacific Coast were studied. They 
are: 

Cryptochiton stelleri, the giant chiton. 


Ischnochiton conspicuus, the Ischnochiton. 


Cryptochiton is the largest of the family of chitons, and is 
readily obtained at low tide clinging loosely to rocks or lying in 
tide pools. It feeds on the marine vegetation of that zone, and 
frequently upon sand with attached microscopic particles. Its 
weight is from 0.5 to 1.5 kilos. 

Ischnochiton is much smaller in size, weighing from 30 to 50 gm. 

4. Owl Limpet, Lottia gigantea.—This form is small in size, the 
oval shell averaging from 5 to 6 cm. in length. It feeds chiefly 
on diatoms and seaweed. 

The material for this investigation was secured in abundance 
at various points along the coast of California. The Abalones 
were obtained chiefly in Monterey Bay, near Carmel, Point 
Lobos, Point Sur, and the bay around La Jolla in southern 
California. At times when unfavorable weather made shore 
collecting impossible, specimens were secured from Japanese 
divers. Cryptochitons were gathered at low tide from the rocks 
or tide pools of Half Moon Bay and near the shore at Carmel 
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Beach. The Pismo clams were obtained from Pismo Beach, 
where the beaches are plowed at certain seasons for a large com- 
mercial yield. Special care was taken to obtain fresh, uninjured 
material. The tissues and organs studied were the muscle, liver, 
reproductive system, and blood under normal, and in some cases 
under fasting conditions. Material not used in a fresh condition 
was preserved with alcohol. 


The Chemical Investigation. 


Digestive Enzymes in Stomach and Intestines. 


The first investigations on this subject on various land and marine mol- 
lusks were carried on by Bernard (1). He found that the acid fluid in the 
intestines of Loligo, Limax, and Ostrea digests starches and fats. The 
same fact was established later by Yung (2) on the stomach juice of Heliz, 
a common land mollusk. Biedermann and Moritz (8) found that during 
fasting periods the fluid of the stomach and intestines of snails is free from 
sugar, but contains a strong starch-splitting enzyme and is also able to 
invert cane-sugar. At the same time they discovered the presence of cy- 
tase in the secretion of the liver which had passed into the intestine, while 
the extract of the liver itself was inactive. The experiments of Bieder- 
mann and Moritz were confirmed by Miiller (4) in 1900. Fredericq (5) 
showed that a proteolytic enzyme is present in the intestinal fluid of Arion 
rufus which acts in weakly alkaline but not in acid solution, while in 
Mytilus this fluid is active in acid solution as well. De Bellesme (6) estab- 
lished further the presence of a tryptic enzyme in the secretion of the 
Octopus liver. Examining the intestinal contents of Aeolis, Krukenberg 
(7) found also a peptic enzyme. Since then Abderhalden and Heise (8) 
have shown that proteolytic enzymes are present in the alimentary canal 
of many invertebrates. 

Sellier (9) reported a proteolytic enzyme and Bernard a lipase in the 
gastric secretion of a few marine invertebrates. Mendel and Bradley (10) 
found in their study of Sycotypus that digestion in this mollusk is affected 
by the secretion of two different kinds of glands: the salivary glands, con- 
taining a proteolytic enzyme with amphoteric action in the cold, resem- 
bling trypsin; and the liver and hepatopancreas glands, elaborating 
enzymes which hydrolyze carbohydrates and fats. 


In the present investigation tests were carried out on glycerol 
extracts for the following enzymes employing the usual methods: 
amylase, cytase, emulsin, glycogenase, lactase, lipase, maltase, 
pepsin, sucrase, trypsin, urease, uricase. 
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It was found that a temperature of 37°C. was satisfactory for 
the reactions involved. The results are presented in Table I. 


TABLE I. 
Enzymes of the Digestive Tract. 


Apstone, | Yiemo | Cryplo- | Tagine | Ont 
VAC: OR eae re + _ + se Se 
Co ITED, fs a a -- = =e Js ie 
OUT 571 Gs) aa ea Re + -- + + + 
GIF COPENAEE . 2512 oi ale... oie =- -— + + + 
URC UAB G a tece mon denice oF cclate == + + + = 
LOSSES ee oe ae ere ve -- + =e a: = 
Maltase. . PP ee Re — a8 as == 
LTE i ear eae -- + <= os ale 
RIMM Sec Fate «35% 9s eee ma. + 4- + = Be 
MRCRROE eas task Bis oot eh ate + — + os ae 
MOPICABO ot. 702.02 > tn ses pS - — = = a 


The Muscle. 


The most important contractile tissue of Abalone, the chitons, 
and the limpet, in point of size, is the large pedal muscle, occupy- 
ing the open end of the shell and when extended projecting some 
distance beyond it. This tissue makes up approximately half 
the body mass exclusive of the shell in the last two forms and 
considerably more than half in Abalone. 


Among invertebrates very few investigations of muscle tissue have dealt 
with molluscan forms. The most favored animal in this respect seems to 
be Octopus. Other marine animals studied regarding muscle extractives 
are Mytilus edulis, Pecten opercularis, Venus mercenaria, Sepia, Sycotypus, 
Fulgur, Ostrea, and Haliotis. 

Glycocoll was found in the adductor muscle of Pecten irradians by Chit- 
tenden (11) in quantities from 0.39 to 0.71 per cent. Tyrosine and leucine, 
decomposition products of proteins, were reported by Dohrn (12) in crab 
muscle, further by Krukenberg (13) in the muscle of the lobster, but the 
occurrence of free tyrosine in any quantity in the muscle of living mol- 
lusks is by no means established. 

Of the inorganic constituents, special importance has been attached to 
iron as one of the essential constituents of the invertebrate muscle. 
Schneider (14) made a special study on iron in muscle, liver, and mantle 
of mollusks. Giunti (15) and later Dubois (16) determined the quantity 
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of copper present in lower animals. A complete inorganic analysis has 
been carried out by Henze (17) on Octopus and by Meigs (18) on Venus 
mercenaria,.a clam occurring on the eastern coast of this country. 


Methods of Analysis. 


Muscle tissue of Abalone, Pismo clam, Cryptochiton, Ischnochiton, 
and owl limpet was examined for the following components: water, 
total solids, ash, alcohol-soluble portion, ether-soluble portion, pro- 
teins, purines, creatine, creatinine, uric acid, glycogen, inorganic 
constituents, and enzymes, employing in the preliminary treatment 
in the main the methods of Koch and Carr (19). The alcoholic 
extract was examined for total solids, ash, total nitrogen, proteose 
nitrogen, urea nitrogen, ammonia, total sulfur, total phosphorus, 
inorganic sulfur, inorganic phosphorus, creatine, creatinine, uric 
acid, and reducing sugars. The analysis of the ether-soluble 
portion included total solids, total nitrogen, total sulfur, and total 
phosphorus, while that on the alcohol- and ether-insoluble 
portion included total nitrogen, protein, total sulfur, total 
phosphorus, phospho-protein phosphorus, uric acid, creatine, 
creatinine, and reducing sugars. 

Ammonia was determined by Folin’s method, based upon the 
absorption of free ammonia in acid and the titration of the excess 
of acid. Urea was estimated by Marshall’s urease method (20), 
and later checked by the method of Van Slyke and Cullen (21). 
Creatinine and creatine were determined by the methods of Folin 
and uric acid by that of Benedict and Hitchcock. 

The results of these analyses are given in Table II. 

The only positive tests for enzymes in muscle extracted with 
glycerol were an amylase and glycogenase in Cryptochiton, and a 
urease in the Pismo clam. 


DISCUSSION. 


The water content of the muscle tissue is higher in gastropods 
and lamellibranchs than in mollusks not very closely related to 
them, as Table III indicates. 

No records are available regarding the content of fat in the 
muscle of mollusks. Apparently it may vary widely among 
different species. Ischnochiton carries larger amounts of fat than 
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TABLE II. 
Constituents. | Abotone. | Zismo | Cryptic | teats | Owl limpet. 
100 gm. of fresh muscle tissue. 
per cent per cent per cent per cent per cent 
Waters S02 o. ses: .| 70908 176.40. 2) 75.10. (oleae 73.80 
Topalesplids. sored, rin). Pest. 29.10 | 23.60 | 24.90 | 29.50 | 26.20 
Ash. =3 3.42 5.10 3.52 3.88 7.54 
Mipohol ee FL us 
LD 5 oe ye rr 8.59 8.04 4.01 | 12.58 7.34 
Lipin fraction, F1. vee 2 ALeOo 0.99 1.00 5.84 0.30 


Water-soluble Pao’. F2.. 1303) 4) 54205 4.05 6.69 7.04 
Alcohol- and water-insolu- 


ble fraction, H3...........|)20.5 15.57 | 20.938 | 16.94 18.83 
SHeOh HN = eH te ao) Lee 1.20 ies 0) 1.48 1.74 
SL Is ener Rpm ones PAPAD, 3.90 Dian 2.40 5.80 
MUG EOIN ah. soe sine chee al POL 1.61 3.55 2710 3.19 
(BROhe ln sd elo Meee 23:00" §|\V10226 ~ 2260) |e 20.30 
ABUTING Niece wc oo eae eee 0.06 0.056 |* 0.94 0.083 | Not de- 
ter- 
mined. 
Creatine and creatinine....| 0.01 | Trace. | Trace. | Trace. | Trace. 
WUrievacidhewtd 2: ioe tans None. | None. | None. | None. None. 


100 gm. of Fl + F2 + Fs. 


Alcoholic extracts, F1 + F2.| 29.50 | 34.10 | 16.10 | 42.50 28 .00 
Alcohol-insoluble residue, 

LSM oh BR Be es SE 70.50 | 65.90 | 83.90 | 57.50 72.00 

100 gm. of Fl + F2. 

‘Totaiesqnas, WEA see 17.90 | 12.30 | 25:00 } 46:00 4.10 

* Pye eh ieee 82.10 | 87.70 | 75.00 | 54.00 95.90 

Ash of Fl + F2..........:| 17:35 .| 16.90 (a3 20;4p22eam 24.70 

eS «ls cote ee 11.00 | 25.00 | 10.50 | 14.10 30.70 


100 gm. of F1. 


geal S27. c\..\.. 3 a aes 5.20 0.40 1.45 15.0 
Aumino=acid Nii... ste 0.227 | 0.270 | 0.390 | 0.127 1.020 
Pages.’ 3.55, sees 1.03 1.00 1.50 0.51 3.67 
>> “phosphorus « .°2)). Je: 1.08 1.83 1.68 0.48 1.05 
TG Un Sie oe howe. sa a ee None. | None. | None. | None. | None. 
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TABLE I11—Concluded. 
Constituents. | Abalone. eee Crag Tees | Owl limpet. 

100 gm. of F2. 

per cent per cent per cent per cent per cent 
Biota lia wee se. viet Siete 3] 6.40 8.64 | 16.2 6.75 6.16 
Ammino=a G10 Nis ect « «, s;2 241 3.07 3.60 5.51 0.99 MAS 
eroteose Nitec. ss 2 ssa2+ «|. 0.04 0.34 1.08 0.45 0.41 
lWineaipiNGse ys cots cera score sleet 0.16 0.06 | None. | 0.12 0.04 
Urea... 0.35 0.14 ih 0.30 0.09 
PASATIMMOTN Mics orteetes sie Shae aie 0.35 0.35 0.89 0.37 0.36 
MopalswllUT. c5d..5 6 be vee eo 6.55 5.65 122 ollys 6.23 
Imorcanice sulfur: = ....-..-. 0.085 | 0.1 1.0 0.28 0.17 
Total phosphorus.......... 0.49 0.53 1.41 0.41 0.19 
Inorganic phosphorus...... 0.043 | 0.175 | 0.360 | 0.037 0.082 
Creatine and creatinine. ...| Trace. | None. | None. | None. None. 
inercpaer lets tas azo sins None. * a - ie 
Reducing sugars on hydrol- 

GIS EM Ongena areal, Lad Dilpee 9.67 9.58 5.26 

100 gm. of F3. 
MEM yo. arene Sona lloeto. LOS) | IAL3.. 14-06 12.80 
BroteimnOoG.() aac: on. eenl- S200" , 6%. 20)1092,20, 1.8801 80.18 
Total phosphorus....:..:. 0.42 0.53 0.19 0.40 0.52 
Phospho-protein phosphorus} 0.47 0.78 0.64 0.47 0.46 
“oxeaill wlhiuiys aie oes obaacebe 0.69 0.86 0.97 0.58 1.03 
Creatine and creatinine. ...} Trace. | None. | None. | None. None 
(CiteRrerd iiss see wh ees None. ‘s x ‘s * 
Reducing sugars after hy- 

CHEO ISIS Mane w irc cto cPacieea ce 10.40 | 19.24 0.25 4.10 0.64 
Inorganic constituents per 100 gm. of tissue. 

S00) 5.6 o toca telcos ee eee 1.24 0.66 11 GY/ 74 Bill 2.34 
Hes Osea rsiaras ie a hial od ects, 135 1.56 1.21 1.20 1.72 
CIO): CoD Eee On ee ene aman 0.31 0.85 0.47 1.05 0.46 
MgO.. 0.29 0.48 0.42 0.40 0.42 


Abalone and the bivalved clam. The lowest is the owl limpet, 
which anatomically is more closely related to Abalone than to 
Cryptochiton or Ischnochiton. The muscle of Abalone, limpet, and 
Cryptochiton contains relatively large amounts of combined nitro- 
gen, which is an approximate measure of the total protein. The 
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muscle of Ischnochiton and Pismo clam, in the order named, runs 
notably lower in these constituents. 

Determinations for total nitrogen were extended to the sexes 
in the case of Abalone, Cryptochiton, and Ischnochiton, but the 
results show no substantial difference between them. 


TABLE III. 
Animal. Water. on Ash. Reference. 
per cent|per cent|per cent 
CEMAIPES I NIUISCLE) 1. cbse. vs.sars ge eeien 14.5. | 22-70 Henze (17). 
Mytilus edulus (total animal)....... 82.20] 17.80 Voit (22). 
Ostrea Cs a sates ate 80.50] 19.50 Balland (23). 
Astacus fluviatilis ( “ sale es Ore ie 77.11) 22.89} 9.061] von Bezold (24). 
Venus mercenaria ( “ PB ARR: 74.44] 25.56} 1.46 | Meigs (18). 
ER OUCGtIS «(TAUISCIC) a cee eencies eee 70.90) 29.50) 3.42 | Albrecht. 
Tivella stultorum (muscle)........... 76.40] 23.60} 5.10 sf 
Cryptochiton ig BaP tater ca, 75.10} 24.90) 3.52 = 
Ischnochiton CPi ae ees 70.50) 29.50] 3.88 e 
Lottia gigantea (ey staiuis he ete cae 75.80} 26.20} 7.54 ~ 
TABLE IV. 
Animal. Purine N. Reference. 
per cent 

OCODUSE Meek 2a eee actos he cohen eee 0.0456 Henze (17). 
WiertebEaces:s «Nec caine eee acne etivacis esege 0.055-0.071 Mey ea (17) 
WAU OYTHKOYIY 3. yA REREIRD oe OO RO OSE. OO Seah anc: 0.06 Albrecht. 
Bismoxelam:. 2:3. 4!0) aoe ee eerie ee eae Ope - 
CRU BEBEN LION 932 ow, cere ike Mea ee ee athe 0.094 ptt 
ISCRHOCKILON A 2 AiR ee eee ae 0.083 . 


The purine nitrogen content of the muscle of these mollusks is 
small, yet relatively large as compared with the corresponding 
tissue in Octopus and the vertebrates, as Table IV indicates. 

Uric acid was not present in the muscle tissue of the species 
examined, and in fact it has never been reported in the muscle of 
mollusks. Creatine and creatinine were found in appreciable 
quantities only in Abalone muscle. The absence of creatinine in 
the muscle of the chitons, limpet, and clam was confirmed by the 
addition and accurate redetermination of known amounts of 
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creatinine. This discovery of creatine and creatinine in Abalone 
muscle is of particular interest, as it is the first time these two 
substances, which are among the most important metabolic prod- 
ucts in the vertebrates, have been found in the muscle tissue of 
mollusks. 

In Abalone, Pismo clam, and Ischnochiton, the ammonia con- 
tent is almost the same. The large amount of lipins in Jschno- 
chiton is of especial interest. It is approximately four times the 
amount found in Abalone, six times that in Cryptochiton and the 
Pismo clam, and nineteen times that in the owl limpet. Mam- 
malian muscle contains about 2 to 3 per cent of lipins. The 
Pismo clam, not especially high in its glycogen content, leads in 
reducing sugars. No results on other marine animals, besides 
those examined in the course of this investigation, are available 
for comparison. 

The large amount of iron is worthy of note. Former analyses 
carried out by Henze on Octopus and by Meigs on the clam show 
no iron or only traces. In the mollusks examined by the author 
it is almost the same in amount but notably high in the various 
forms. 

Calcium which is present in all mammalian and invertebrate 
tissue was also determined, the largest amount being found in 
Ischnochiton while Cryptochiton, anatomically closely related, 
carried only a very small quantity. The other closely related 
forms, Abalone and owl limpet, contain almost the same amount 
of calcium. Magnesium does not vary much in the mollusks 
examined. Potassium and sodium were not determined. 

Very few enzymes are present in the muscle of mollusks. Care- 
ful estimations gave as a rule negative results. This is astonish- 
ing at first, since, having found large amounts of glycogen and 
fat in the muscle tissue, we might expect to find the corresponding 
enzymes. An article by Bradley and Kellersberger (25) leads, 
however, to the general conclusion that tissues rich in glycogen 
are poor in diastatic enzymes, and, conversely, those poor in 
glycogen are rich in diastatic enzymes. This is practically what 
was found in this investigation. 

It is possible that in an animal, the whole metabolism of which 
is on so low a level, an amount of enzyme too small to be detected 
is still sufficient to hydrolyze the glycogen stored in the pedal 
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muscle. ‘The same condition seems to hold in the case of lipase, 
the fat-splitting enzyme, as Bradley has shown for higher animals. 
Some of the most active fat-producing tissues are poorer in lipase 
than many which never contain or produce more than a small 
percentage of fat. Experiments carried out with a glycerol 
extract of muscle of Abalone, Pismo clam, Cryptochiton, Ischno- 
chiton, and owl limpet gave striking examples which support this 
general view. An exception was noticed in Cryptochiton muscle 
on diastase, and in Pismo clam on urease. 


SUMMARY. 


The above investigation has dealt with the chemical composi- 
tion of five species of marine mollusks occurring in abundance 
along the coast of California. These are Abalone, Pismo clam, 
giant chiton, I[schnochiton, and owl limpet, of which the first two 
are of rapidly growing importance as food for human consumption. 

1. The digestive juices of the stomach and intestines of each 
of these forms have a distinct acid reaction and are notably rich 
in enzymes. A catalase, glycogenase, lactase, lipase, maltase, 
protease, invertase, urease, emulsin, and an amylase gave pro- 
nounced reactions. A cellulose-digesting enzyme was not found 
in any case. 

2. A complete analysis of the muscle tissue was made. Par- 
ticularly notable among the results on this tissue are the rela- 
tively high protein content of Abalone, 23 per cent; the low pro- 
tein content of the Pismo clam, 10.26 per cent; the large amount 
of ash in all the forms; and especially in the limpet 7.54 per cent 
and the Pismo clam 5.1 per cent as against an average of approx- 
imately 1 per cent in the common mammalian muscle tissues used 
as food and 1 to 1.5 per cent in the sea fishes; the presence of 
determinable amounts of urea in Abalone, Pismo clam, Ischno- 
chiton, and limpet; the large amounts of reducing sugars yielded 
on hydrolysis of the alcoholic extract from 5.26 to 27.2 per cent 
of the residue after removal of the alcohol; and finally the occur- 
rence of creatinine and creatine in Abalone, here reported for the 
first time in molluscan tissue. Enzymes were found only in 
three cases: an amylase and glycogenase in Cryptochiton, and 
a urease in the Pismo clam. 


P. G. Albrecht 405 


BIBLIOGRAPHY. 


. Bernard, C., Lecons de physiologie expérimentale, 1855, i, 70, 101- 


103; 1856, ii, 489 ff. 


. Yung, E., Acad. Roy. Bruzelles, 1888, xlix, 1-116. 
. Biedermann, W., and Moritz, P., Arch. ges. Physiol., 1898-99, xxiii, 


219 


. Miller, E., Arch. ges. Physiol., 1900-01, Ixxxiii, 619. 

. Fredericq, L., Arch. zool. exp., 1878, vii, 578. 

. de Bellesme, J., Compt. rend. Acad., 1879, Ixxxviii, 428. 

. Krukenberg, C. F. W., Unters. Physiol. Inst. Heidelberg, 1878, ii, 402. 

. Abderhalden, E., and Heise, R., Z. physiol. Chem., 1909, |xii, 136. 

. Sellier, J., Compt. rend. Soc. biol., 1909, lxvii, 237. 

. Mendel, L. B., and Bradley, H. C., Am. J. Physiol., 1905, xiii, 23-27. 

. Chittenden, N. H., Ann. Chem., 1875, elxxviii, 266. 

. Dohrn, A., Inaugural dissertation, Berlin, 1861. 

. Krukenberg, C. F. W., Vergleichend-physiologische Studien an den 


Kiisten der Andria: Experimentelle Untersuchungen, 1880-81, i, 
series 1, 32; iv, 54-56; 1882, ii, series 2, 143-147. Krukenberg, C. F. 
W., and Wagner, H., Z. Biol., 1885, xxi, 25. 


. Schneider, R., Abhandl. Kais. Akad. Berlin, 1888. 

. Giunti, M., Gazz. chim. ital., 1879, ix, 546-555. 

. Dubois, R., Compt. rend. Soc. biol., 1900, lii, 392. 

. Henze, M., Z. physiol. Chem., 1904-05, xliii, 477. 

. Meigs, E. B., J. Biol. Chem., 1915, xxii, 493-496. 

au<och, W:, and Carr, Ef. P., J. Am: Chem. Soc., 1909, xxxi, 1341. 

. Marshall, E. K., Jr., J. Biol. Chem., 1918, xiv, 283. 

. Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1914, xix, 211. 

. Voit, E., Sitzungsb. Ges. Morphol. u. Physiol. Miinchen, 1892, vii, 159. 
. Balland, Compt. rend. Acad., 1898, exxvi, 1728. 

. von Bezold, A., Z. wissen. Zool., 1857, viii, 517. 

. Bradley, H. C., and Kellersberger, E., J. Biol. Chem., 1912-13, xiii, 419. . 


ae my a me 


j hte of) a eae Ll 


fs n iret a Bad §* 


. 


$e PL el ice a 


+ 


pe 
a om: 
“44 
“a ' I 
evn sha 
ue 
ede ol 
, 
Me et al Sk pe 
, , mh } 
© at 
* 
» “ 
. 
7; 
: : : 
‘ ie 
ae vee 
ae in, 
* 
i, 56 i f 
F 
wy te 
Ps 
’ 
os 
. F 
i . 
im > 
ae i 
~* . 
. 
‘ 
‘ 
“ a 
« 


ii 


by. 


, 
ee) 
. 


4 
ae 
oe 
pets 
pi 


“? 
a2 
‘ 
© 
Pas . 
. 
‘ 
x 
vd $ 
‘ 
He 
. ~~ 
Mists 
7) » 
ee 
° 
fees A’ 
. 
‘ 
& 
. 
« 
. 
‘ 
\ 


HEMICELLULOSE OF APPLE WOOD.* 
By W. E. TOTTINGHAM, R. H. ROBERTS, anv S. LEPKOVSKY. 


(From the Departments of Agricultural Chemistry and Horticulture, Univer- 
sity of Wisconsin, Madison.) 


(Received for publication, December 21, 1920.) 


This paper covers the preliminary chemical phase of an investi- 
gation upon conditions of composition associated with fruitful- 
ness in the apple and other fruit trees. Roberts! has recently 
presented the general economic aspects of the problem, placing 
special emphasis upon the relation of the amount of spur growth 
to fruiting, with a discussion of some external conditions which 
modify it. The present article deals with the composition of 
apple spurs and adjacent wood, with special reference to the 
hemicellulose fraction. 

Butler, Smith, and Curry? have published data on the proxi- 
mate composition of different aged branches, trunk, and roots of 
the apple tree at successive stages, from spring dormancy to leaf 
fall. These investigators concluded that storage carbohydrates 
in their material were in the form of sucrose and starch. The 
most abundant constituent of 1 year branches, aside from crude 
fiber, was starch. At the time of bud swelling the branches con- 
tained over 30.0 per cent of this constituent. At this time also 
the nitrogen content was greatest in the 1 year branches, amount- 
ing to about 1.0 per cent, equivalent to over 6.0 per cent of pro- 
tein. It should be noted that in the investigation here referred 
to starch was determined by the method of acid hydrolysis? and 


* Published with the permission of the Director of the Wisconsin Experi- 
ment Station. 

The writers are indebted to J. A. Anderson and 8. N. iigetein for some 
of the data presented. 

1 Roberts, R. H., Wisconsin Agric. Exp. Station, Bull. 317, 1920. 

2 Butler, OLR: Smith, T. O., and Curry, B. E., New Hampshire Agric. 
Exp. Station, Techn. Bull. 13, 1917. 

’ Correspondence with Dr. O. R. Butler. 
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therefore includes the hemicellulose compounds, as defined by 
Schulze. Hooker® has made similar analyses of apple spurs, in- 
cluding determinations of the true starch, at successive dates 
throughout the year. He concludes that fruit bud differentia- 
tion occurs as a result of conditions leading to high starch and 
low nitrogen content. 


Analytical. 


In the work here reported samples were taken from the trees 
soon after the dew had evaporated, in an attempt to avoid meta- 
bolic changes which might follow the onset of rapid photosyn- 
thesis in the leaves. ‘The samples were collected in covered glass 
jars, weighed as soon as they could be taken to the laboratory, 
and dried to constant weight at 80°C. The dried material was 
ground in a drug mill and reduced to a fine powder in a Dreef® 
mill, in which condition it passed through a 100 mesh sieve. Fig. 
1 shows the origin of the new growth (N), spur (S), and base 
wood (BB) samples. It represents the first stage of development 
of fruiting branches examined. 

Moisture was determined by drying 2.0 gm. samples to con- 
stant weight at 110°C. Ether extract was determined in the 
residue by extracting for 12 to 14 hours with anhydrous, alcohol- 
free ether in the Caldwell type of apparatus for continuous extrac- 
tion. Sugars were extracted by boiling the fat-free residue with 
100 ce. of 90 per cent alcohol for 1 hour under a reflux condenser. 
About 0.3 gm. of CaCO3 was added previously, to prevent inver- 
sion of disaccharides by acids. After filtering and washing the 
residue with hot alcohol the extract was evaporated at 60°C., 
taken up with water, filtered again, and washed to a volume of 
100 cc. The reducing sugars in this solution were determined as 
glucose by the Munson-Walker method.’ Total sugars were 
determined as glucose by the Defren-O’Sullivan method,® after 


4 Schulze, B., Landw. Jahrb., 1894, xxiii, 1. 

'Hooker, H. D., Jr., Univ. Missouri Agric. Exp. Station, Research 
Bull. 40, 1920. 

6 Wiley, H. W., Principles and practice of agricultural analysis, Easton, 
2nd edition, 1914, iii, 12. 

7 Munson, L. S., and Walker, P. H., J. Am. Chem. Soc., 1906, xxviii, 665. 

8 Defren, G., J. Am. Chem. Soc., 1896, xviii, 751. 
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boiling for 45 minutes with HCl (1:10), neutralizing, and diluting 
to 500 cc. 

Starch and dextrin were determined by digesting the residue 
from the extraction of sugars with saliva, after gelatinizing the 
starch by treatment with boiling water. The resulting sugars 
and dextrins were washed out, hydrolyzed with acid, and deter- 
mined by the Defren-O’Sullivan method. Acid-hydrolyzable 
material was determined by boiling the residue from the starch 


Fic. 1. Tissue taken in sampling apple wood of blossom-bearing 
branches. BB, base wood; S, spur; N, new growth of spurs. 


determination with dilute HCl (1:10) for 3 hours under a reflux 
condenser. After filtering and washing, the extract was neutral- 
ized and analyzed for glucose by the Defren-O’Sullivan method. 
Lignin was determined by extraction with 72 per cent H2SOu,, 
after extraction of the tissue with benzene and alcohol, according 
to the method of Dore.? Cellulose was determined by successive 
chlorinations, after extraction with benzene and alcohol, also 
according to Dore.® Protein was calculated by multiplying the 
total nitrogen by 6.25, the factor commonly used in this connec- 
tion. The nitrogen was determined by the Gunning-Kjeldahl 


9 Dore, W. H., J. Ind. and Eng. Chem., 1920, xii, 477. 
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method,!® with the added use of CuSO, in the digestion. Ash 
was determined by charring and extracting with water, subject- 
ing the residue to complete incineration, and finally combining 
the extract, evaporating, and igniting at low heat. 

The materials upon which the determinations were made in the 
case of base wood were composites of samplings on May 3, 12, 
28, and June 8 and 24, 1918. In the case of spurs the data are 
averages of the composition of the samples taken on the above 
successive dates. The data for new growth of spurs are from 
one sample taken July 7. All the analytical results are assembled 
in Table I. . 


TABLE I. 
Composition of Apple Wood in Fruiting Branches, Calculated on the Dry 
Matter. 
3 a & 
Fd i. el ee g& 
Fs a cee 2 
e /3e| 2 | ae |fed| a | 2] 4 
a |32| 2|83/S58| 8 | 2/38] 4 
A | & SO. me |< 4 6) Ay < 
gent’| cent | cent | cant P&P!) Zanall levee Nears 
New growth of spurs.| 1.62} 0.94) 5.89) 4.87] 21.75 
SLES teeetireregi etl act 1.40] 4.13) 3.77] 3.27) 27.90 5.36 
Base wood..........| 1.76] 1.50) 2.07| 3.50} 28.70/18 .60|36.50) 2.37| 3.90 


Examination of the analytical data shows that while the acid- 
hydrolyzable material is very abundant in both spurs and base 
wood, the true starch and dextrins form only a small percentage 
of the total weight. The results from a similar analysis of plum 
wood, in which dextrins were extracted with water before digest- 
ing the starch, showed that the percentages of these two con- 
stituents were about equal in that material. In the case of the 
complete analysis of base wood the data form a total of 98.90 
per cent. ; 

In view of the probable abundance of pentosans in the wood, 
determinations of these were made by the method of conversion 
to furfurol and precipitation with phloroglucin, as modified by 
Kréber." The result for the base wood was 19.0 per cent. In 


10Gunning, J. W., Z. anal. Chem., 1889, xxviii, 188. 
1 Krober, E., J. Landw., 1901, xlviii, 357. 
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the case of the products recovered from acid hydrolysis of the 
base wood, after these had been subjected to fermentation with 
ordinary yeast to remove the hexoses, the result was 10.1 per 
cent, based also upon the original wood. From these relations it 
appeared probable that in the acid-hydrolyzable fraction of the 
wood we were dealing primarily with a: mixture of hexose and 
pentose sugars. 


Examination of the Products from Acid Hydrolysis. 


This examination is confined to the base wood. A determina- 
tion of mannan by the method of Schorger” gave negative results. 

For the preparation of a quantity of the products of hydrolysis 
100 gm. of wood were extracted successively with ether and 90 
per cent alcohol, and digested free from starch with saliva. 1 
liter of dilute H,SO, (2.5 per cent by volume) was added and the 
mixture was boiled for 2 hours under a reflux condenser. After 
filtering and washing, the filtrate was digested with BaCOs; until 
neutral. The BaSO, thus produced was filtered off and the 
solution was made faintly acid with H3;PO,.. On concentrating 
under a pressure of about 130 mm. at 45-50°C. a thick syrup 
remained. 

This syrupy product was extracted for some time with about 
200 cc. of boiling 99 per cent alcohol. The extract was filtered 
and concentrated in vacuo as before. It was then taken up with a 
little water and decolorized by boiling with norite. After filter- 
ing off the norite, the solution was concentrated as before and 
dried at 44° under a pressure of 127 mm. The final product was 
9.9 gm. of a very viscous, pale brown solid. 

The residue from extraction with 99 per cent alcohol was sub- 
jected to a similar extraction with 95 per cent alcohol, but the 
amount of material extracted was very small. The product was 
therefore combined with the previous fraction, and its amount is 
included therein. 

The residue from the alcoholic extractions was taken up in 
about 35 cc. of cold water. A small amount of pale brown resi- 
due was filtered off and the soluble material was recovered and 
dried as in the case of the alcohol-soluble fraction. There were 


12 Schorger, A. W., J. Ind. and Eng. Chem., 1917, ix, 748. 
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recovered 2.4 gm. of a solid which was paler and more brittle than 
that previously recovered. 
The specific rotatory power, reducing power, and pentose con- 
tent of these two fractions of the hydrolysis products were deter- 
mined. The galactose content of the alcohol-soluble fraction 
was also determined, through oxidation to mucic acid by the 
procedure of Dore.’ All these results appear-in Table II. 


TABLE II. E 
Properties of Products from Acid Hydrolysis of Apple Wood. 


Reducing | 
Specific | POWET;12 | Pentose | Galactose 
rotation. seed ot content. content. 
glucose. 
degrees per cent per cent per cent 
Alcohol-soluble fraction .......... 26.1 70.0 58.6 0.98 
Water-soluble af Sais SPR ye? 27.0 25.1 29.2 


Special attention was given to identifying the sugars in the 
alcohol-soluble fraction of the hydrolytic products. Tests of 
the osazones prepared in the usual way with phenylhydrazine 
hydrochloride showed a high degree of solubility in boiling water, 
indicating a high percentage of pentose sugars. Fractional prep- 
arations of the osazones taken after periods of 5, 10, and 20 
minutes in the water bath, when compared under the microscope 
with osazones freshly prepared from glucose, galactose, xylose, 
and arabinose, showed a preponderance of either glucose or 
fructose in the first fraction, while the pentoses predominated 
in the later fractions. A few crystals which appeared to be 
galactosazone were observed in the last fraction. Both the Seli- 
wanoff test for ketoses and the osazone test by means of methyl- 
phenylhydrazine, as directed by Neuberg,! were negative, thus 
establishing the absence of fructose. 

As with the wood itself, a test for mannose as hydrazone by 
the use of phenylhydrazine gave a negative result. By the 
absence of other sugars which give the glucosazone test, the 
presence of glucose as the chief hexose sugar in our preparation 
is made certain. The absence of arabinose was proved by nega- 


13 Neuberg, C., Ber. chem..Ges., 1902, xxxv, 960. 
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tive results from the test with diphenylhydrazine according to 
Neuberg.“ It is apparent, therefore, that the pentose of our 
preparation ‘is xylose. 

While it is not possible to separate sharply a mixture of sugars 
of this sort, it is possible to use the analytical data in a compara- 
tive way by which the approximate proportions may be ascer- 
tained. On the basis of the pentose determination of Table II, 
and as a result of the identification of sugars, it appears that the 
alcohol-soluble fraction resulting from hydrolysis consisted of 
about 58 per cent of xylose. Allowing i per cent for galactose, 
on the basis of the mucic acid test, there would remain 41 per 
cent of glucose. The specific rotation of a mixture of [-xylose, 
d-glucose, and d-galactose in these proportions should approxi- 
mate 33°, according to Tollens’ data. It will be noted that the 
determined rotation is considerably less than this. Furthermore, 
the determined reducing power is much less than the above simple 
mixture of sugars should possess. This discrepancy invalidates 
calculation of the percentages of sugars by simultaneous equa- 
tions, as given by Browne.‘® It appears, therefore, that com- 
pounds other than the sugars identified are present, or the latter 
are not entirely free, or both conditions may exist. The results 
are suggestive of glucosidic di- and trisaccharides analogous to 
those described by Browne.!? The water-soluble fraction recov- 
ered from hydrolysis appears to be a product, or products, of 
partial hydrolysis. 

Preliminary tests indicate that it may be possible to extract a 
gum-like substance from apple wood which will correspond in 
composition to the alcohol-soluble fraction of the products of 
hydrolysis. Somewhat similar polysaccharide materials are 
mentioned by Tollens!® and by Czapek.!® 


14 Neuberg, C., Ber. chem. Ges., 1900, xxxili, 2248. 

1 Tollens, B., Kurzes Handbuch der Kohlenhydrate, Leipsic, 3rd edition, 
1914, 128, 175, 286. 

16 Browne, C. A., A handbook of sugar analysis, New York, 1912, 477, 
489. 

17 Browne,!® pp. 643, 731. 

'8 Tollens,!® pp. 474, 563. 

‘9 Czapek, F., Biochemie der Pflanzen, Jena, 2nd edition, 1913, i, 654, 
685. 
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Work in progress shows that the acid-hydrolyzable material of 
apple wood in the spurs varies in a manner which indicates that 
it may function as an important reserve carbohydrate material. 
If substantiated, this relation will throw unusual importance 
upon the so called hemicellulose fraction of wood, the function of 
which has hitherto been obscure. 

We purpose following the composition of this material as it is 
deposited in the branches and drawn upon for subsequent growth. 
It will also be desirable to compare it with corresponding mate- 
rial in trees of other species. 


SUMMARY. 


Analysis of apple wood from fruiting branches shows a high 
content of the acid-hydrolyzable material commonly designated 
as hemicellulose. The alcohol-soluble fraction resulting from 
partial hydrolysis of this material has been found to contain 
large amounts of xylose and glucose, with a little galactose. It is 
suggested that this hydrolyzable material forms a reserve source. 
of carbohydrate in the metabolism of the apple tree. 


THE ESTIMATION OF BILE ACIDS IN BILE. 


By CARL L. A. SCHMIDT anp A. E. DART. 


(From the Department of Biochemistry and Pharmacology of the University 
of California, Berkeley.) 


(Received for publication, October 16, 1920.) 


In a recent paper Foster and Hooper (1) have described a 
rapid method for the estimation of bile acids in dog bile. The 
method depends on the fact that the two bile acids usually found 
in dog bile, viz. taurocholic and taurocholeic, on hydrolysis with 
alkali give taurine, which yields its nitrogen quantitatively in 
-4 minutes when shaken with HNO». Taurocholic and tauro- 
choleic acids do not react with HNO, before hydrolysis. The 
proteins in bile are precipitated by hot alcohol which at the 
same time holds the bile salts in solution. A portion of the 
filtrate is evaporated to dryness and then hydrolyzed with 8 per 
cent NaOH for 6 hours. The taurine thus set free can be esti- 
mated from its yield of amino nitrogen. Since bile normally 
contains a small amount of free amino nitrogen, an estimation 
to allow for this is carried out on a separate portion of evaporated 
filtrate. Other nitrogenous constituents present in bile do not 
yield amino nitrogen with the exception of urea. But as the 
amount of urea present in bile—32 mg. per 100 cc. (2)—is small 
and since only about 3 per cent of its nitrogen is liberated in 3 
minutes, this factor can be neglected. 

While this method is applicable to bile acids which on hydrol- 
ysis yield only taurine it does not differentiate between these 
acids and those having glycocoll in the molecule. Since bile 
from most animals, especially man, contains acids of both the 
glycocoll and the taurine series, we have concerned ourselves 
with the problem of devising a method which will differentiate 
between the two series of bile acids. 

Strecker (3) found that hydrolysis of glycocholice acid by means 
of alkali gave cholic acid and glycocoll and we have confirmed 
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his observation by quantitative experiment. A solution contain- 
ing about 500 mg. of twice crystallized glycocholic acid per 25 ce. 
yielded 0.0141 gm. of nitrogen by the Kjeldahl method and 
0.0142 gm. of nitrogen (corrected for the abnormal value given by 
glycocoll) when hydrolyzed for 6 hours with 8 per cent NaOH 
and the amino nitrogen was estimated. Glycocoll, like taurine, 
is not decomposed. by heating with alkali in the concentration 
and time necessary to hydrolyze glycocholic acid. A solution 
containing 65 mg. of glycocoll per 25 cc. yielded 11.9 mg. of amino 
nitrogen and the same value was obtained on adding NaOH toa 
concentration of 8 per cent and heating at 100°C. for 10 hours. 
Hydrolysis of a mixture of bile acids of the taurine and glycocoll 
series and subsequent estimation of the amino nitrogen will give 
a value which is too high since glycocoll yields by Van Slyke’s 
method 103 per cent of the theoretical nitrogen (4). If, however, 
the total amino nitrogen and the taurine nitrogen are known the 
usual correction for the high value given by glycocoll can be 
made. 

In a mixture of pure bile acids taurine can be estimated from 
its sulfur content. This method has been utilized for its estima- 
tion in bile. It is seemingly open to objections since protein-free 
bile is known to contain sulfur compounds other than taurocholic 
and taurocholeic acids. Hammarsten (5) states that he has 
found ethereal sulfates in human and shark bile while von Berg- 
mann (6) could not detect it in dog bile. Estimations of total 
sulfates which were carried out by us on the specimens of bile 
reported in this paper did not give a value greater than 1 mg. of 
BaSO, per 10 ce. of bile, which is within the experimental error 
of the method. It is probable that small quantities of taurine, 
cystine, and jecorin occur in bile but their concentrations are 
not known. Estimations of phosphorus in protein-free bile 
showed that the phospholipoid nitrogen is less than 0.1 per cent 
of the nitrogen present as bile acids and since jecorin is probably 
only a small fraction of the concentration of phospholipoid nitro- 
gen, no error in the estimation of bile acids on the basis of the 
total sulfur will result by neglecting this factor. The amount of 
cystine and taurine cannot be large since the free amino nitrogen 
present in unhydrolyzed bile is only about 5 per cent of the nitro- 
gen present as bile salts. Undoubtedly a part of this free amino 
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nitrogen results from heating the protein-free bile. To an alco- 
holic solution containing 200 mg. of twice recrystallized glyco- 
cholic acid sufficient NaOH was added to give a neutral reaction 
and the solution was evaporated in the usual manner. Estima- 
tion of the free amino nitrogen gave a value of 0.12 mg. or 2 per 
cent of the total bile acid nitrogen. This is not due to the split- 
ting of the glycocholic acid by HNO, since shaking for 8 minutes 
gave a practically identical value; viz., 0.14 mg. Other amino- 
acids besides taurine and glycocoll are probably also found in 
bile and contribute to the free amino nitrogen. If in bile con- 
taining acids of both the taurine and the glycocoll series we 
assume that the free amino nitrogen is made up of taurine and 
glycocoll in the ratio in which they occur in bile combined with 
cholic acid, the resultant error in the estimation of the taurine 
series of bile acids on the basis of the total sulfur will be less than 
the error (6 per cent) found by Foster and Hooper on adding 
known amounts of taurocholic acid to bile. The method employed 
by us with biles containing either an excess of glycocholic acid or 
nearly equal quantities of acids of the taurine and glycocoll 
series is to subtract the free amino nitrogen from the total obtained 
after hydrolysis, thus neglecting the sulfur present as taurine. 
If the bile contains predominantly acids of the taurine series the 
free amino nitrogen is assumed to consist wholly of taurine and a 
correction for the sulfur is made. 

Croftan (7) has pointed out that the protein precipitate may 
contain a large proportion of the bile acids and Bang (8) states 
that taurocholic acid may be precipitated by means of protein 
_ solutions. To overcome this factor, Foster and Hooper filter 
off the protein precipitate after bringing the alcoholic solution to 
the desired volume and then take an aliquot of the filtrate for 
the estimation of bile acids. This procedure is based on the 
assumption that taurocholic acid is uniformly distributed through- 
out the two phases. We have estimated the error which would 
result if the amount of taurocholic acid adhering to the protein 
precipitate after several washings with alcohol is neglected. The 
proteins from 100 cc. of ox bile were precipitated by 10 volumes 
of alcohol, filtered, and washed a number of times with alcohol. 
The sulfur content of the precipitate was 2 mg. and the nitrogen 
11 mg. Since the sulfur content of mucin is about 13 per cent 
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of the nitrogen (9), the amount of taurocholic acid in the pre- 
cipitate from 10 ce. of bile is less than the experimental error of 
the method. 

Our procedure for the estimation of taurine and glycocoll 
nitrogen combined as bile acids is as follows: To 10 cc. of bile 
(more may be necessary if the bile is dilute) 8.5 volumes of alcohol 
are added, the mixture is heated almost to the boiling point, 
filtered through a dry filter paper, and repeatedly washed with 
small quantities of alcohol until the volume of the filtrate, when 
cold, has been brought to 100 cc. Two 20 cc. portions are evapo- 
rated to dryness in porcelain dishes and the remainder is evap- 
orated in a nickle crucible. The'residue in the crucible is fused 
with a mixture of NaxCO3 and NagOs, the sulfates are precipitated 
with BaCl, and weighed as BaSO,. The residue from one of the 
20 ce. portions is dissolved in water, brought to a volume of 10 cc., 
and 2 cc. portions are used for the estimation of the amino nitro- 
gen. The other is washed into a 10 cc. volumetric flask with 8 
per cent NaOH, placed in a water bath, and heated at 100°C. 
for 6 to 8 hours. The amino nitrogen is estimated in 2 cc. of the 
hydrolysate. The difference between the amino nitrogen in the 
hydrolyzed and unhydrolyzed bile gives the taurine and glyco- 
coll nitrogen of the bile acids. The taurine nitrogen is calculated 
from the figures obtained in the estimation of the sulfur. If the 
bile acids consist predominantly of the taurine series the free 
amino nitrogen is assumed to consist wholly of taurine and a 
correction applied to the total sulfur value. The difference 
between the amino nitrogen due to bile acids and the taurine 
nitrogen, less 3 per cent, gives the glycocoll nitrogen. 

To test the accuracy of this method a known quantity of glyco- 
cholic acid, dissolved by addition of NaOH, was added to a 
specimen of ox bile, Sample B, the bile acids content of which was 
estimated on a separate portion, Sample A. The following results, 
per 10 cc. of bile, were obtained: 


Sample A. Sample B. 


my. mg. 
Amino nitrogen after hydrolysis................ 18.4 15.4 

H ‘ before “ Rig OR ane ins 0.4 
Nitrogen of the bile acids. : aoe Mabel 15.0 


Taurine nitrogen gnleniated for the snkve Solin 
(OOLOS: Syn. TS eee eee 4.5 4.5 
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Sample A. Sample B. 
mg. 


mg 
Glycocoll nitrogen (uncorrected)................. 8.6 10.5 

oe Ge COTTE CLCU an Aeneas eee bots 3 8.4 10.2 
Nitrogen recovered from bile acid added......... 1.8 
Total nitrogen of the glycocholic acid (66.7 mg.) 

SUG S| ay eed hea at ce ah aa ee 2.0 
Free amino nitrogen in bile acid added......... 0.1 
Nitrogen combined as glycocholic acid........... 1.9 
Glycocholic acid recovered, per cent............. 95 


The accuracy of the method, based on duplicate estimations, 
depends to a large extent on the concentration of bile salts. 
Duplicate sulfur estimations checked within 1 mg. of BaSQ,. 
Since the aliquot (0.6) taken is large the resultant error is usually 
less than 1 per cent. The chief error lies in the estimation of 
the amino nitrogen since the aliquot (0.04) taken for analysis is 
small. -Duplicate estimations agree within 3 per cent. Other 
factors, such as the presence of amino-acids besides taurine and 
glycocoll, sulfur compounds other than taurine, splitting of bile 
acids during evaporation of the alcoholic filtrate, etc., probably 
do not contribute an error greater than 3 per cent. This gives 
a maximum error of about 6 per cent which probably represents 
the accuracy of the method. 

The analyses reported in Table I were made with the aid of 
this method. With the exception of the biles from the dog and 
human fistulas, the specimens were mixed samples obtained from 
the slaughter house. In ox bile we note that the predominance 
of acids of the taurine and the glycocoll series, respectively, 
varies in different specimens. This had been previously noted 
by Marshall (10) who examined a large number of specimens of 
ox bile. Pig bile contains chiefly acids of the glycocoll series 
while bile from the sheep and the dog contains only those of the 
taurine group. In human bile we note a slight excess of glyco- 
cholic acid over the acids of the taurine series. These results are 
essentially in accord with the analyses reported by other workers 
using more laborious methods (11). 


420 Bile Acids in Bile 


TABLE I. 
Bile.* ates 5 Sietare | in ‘bile Sulfur.’« |, 1 e ee 
hydrolysis. | hydrolysis. acids. eee * 

: gm. gm. gm. gm. gm. gm. 
Oxilicnnse Sees 0.0182 | 0.0006 | 0.0176 | 0.0162 | 0.0071 | 0.0102 
SUD pe ae 0.0172 0.0172 | 0.0270 | 0.0118 | 0.0052 
Pig Me see ake 0.0187 | 0.0003 | 0.0184 | 0.0089 | 0.0089 | 0.0141 

Ae A Aa 0.0202 } 0.0001 | 0.0201 | 0.0076 |} 0.0032 | 0.0164 

SEN a rsectt 0.0172 | 0.0008 | 0.0164 | 0.0092 | 0.0040 | 0.0120 
Sheep1l.......| 0.0216 | 0.0033 | 0.0183 | 0.0488 | 0.0181 | None.t 

Come meres | OO 247. 0.0026 0.0221 0.0526 0.0204 OP, 
133) 26 ee 0.0023 | 0.0004 | 0.0019 | 0.0057} 0.0021 pan te 

CS | NG Ae Lai 0.0024 | 0.0004 | 0.0020; 0.0058 | 0.0021 rele 

Humanil..... 0.0017 | 0.0001 | 0.0016 | 0.0019 | 0.0008 | 0.0008 
ae gts Last 0.0013 | 0.0001 | 0.0012 | 0.0013 | 0.0006 | 0.0006 
ob Ree tiene 0.0018 | 0.0003 | 0.0015 | 0.0016 | 0.0007 | 0.0008t 
es Be eh ae 0.0086 | 0.0009} 0.0077 | 0.0067 | 0.0029 | 0.0047§ 


* All figures are per 10 ce. of bile. 

+ Calculations are based on the assumption that the free NH2 is due 
wholly to taurine. 

t Slight decomposition. 

§ Obtained on autopsy. 


SUMMARY. 


A method for the estimation of the nitrogen of bile acids of 
the taurine and the glycocoll series in bile is described. It is 
based on the fact that on hydrolysis with NaOH the bile acids 
are split, setting free taurine and glycocoll which react quanti- 
tatively with HNO... The taurine nitrogen can be estimated 
from the total sulfur content of protein-free bile. The difference 
between the amino nitrogen resulting from the splitting of the 
bile acids, and the taurine nitrogen, less 3 per cent, gives the 
glycocoll nitrogen. 
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THE EFFECT OF ALKALI ON THE EFFICIENCY OF THE 
WATER-SOLUBLE VITAMINE B.* 


By THOMAS B. OSBORNE ano CHARLES S. LEAVENWORTH. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 
New Haven.) 


(Received for publication, December 22, 1920.) 


While there is convincing evidence that the growth-promoting 
capacity of the water-soluble vitamine B is little, if at all, affected 
by heating with relatively strong acids, even for many hours, 
comparatively little is to be found in the literature respecting 
the effect of alkalies on this vitamine. Thus McCollum and 
Simmonds,! Drummond,? and Voegtlin and Lake*® agree that 
heating with more or less dilute alkalies destroys the water-soluble 
vitamine B, while on the other hand Daniels and McClurg! and 
Whipple® state that under the conditions of their experiments it 
was not destroyed. — 

Without entering into a critical discussion of these conflicting 
views until our knowledge of this subject is more complete we 
wish to record some observations which we have made on a con- 
centrated preparation of this vitamine obtained from brewery 
yeast according to the method of Osborne and Wakeman.*® 

The preparation used for these experiments sufficed in daily 
doses of 12 mg. to promote the prompt recovery of young rats 
which had failed on a diet adequate in respect to every factor 


* The expenses of this investigation were shared by the Connecticut. 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, Washington, D. C. 

1 McCollum, E. V., and Simmonds, N:, J. Biol. Chem., 1918, xxxiii, 55. 

2 Drummond, J. C., Biochem. J., 1916-17, xi, 255. 

3 Voegtlin, C., and Lake, G. C., Am. J. Physiol., 1918-19, xlvii, 558; 
J. Pharmacol., 1918, xi, 167. 

4 Daniels, A. L., and McClurg, N.I., J. Biol. Chem., 1919, xxxvii, 201. 

5 Whipple, B. K., J. Biol. Chem., 1920, xliv, 175. 

6 Osborne, T. B., and Wakeman, A. J., J. Biol. Chem., 1919, xl, 383. 
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except the water-soluble vitamine B (see Chart I, Rats 5917 and 
5924). 


An aqueous solution of 1 gm. of this preparation required 
0.0530 gm. of NaOH to make its reaction neutral to litmus. 
Accordingly 5 gm. were dissolved in 67.4 cc. of water and 32.6 
ec. of a solution of NaOH ‘containing 0.6650 gm. were added. 
This sufficed to neutralize the acidity of the preparation and 
leave an excess equivalent to a 0.1 Nn solution of the alkali. After 


160 
140 
120 
100 


80 


Ho. 66 Untreated 


. 20 days 


Cuart I. 


this alkaline solution had stood for } hour at a temperature of 
20°, 22 cc. of 0.1 n HCl were added to 20 cc., thus making the 
reaction faintly acid to litmus. After standing over night at A 
the solution was mixed with 5.67 gm. of starch, evaporated on 
the steam bath, and made into tablets, each containing 15 mg. of 
the vitamine preparation, No. 88. 

After the main alkaline solution of the vitamine preparation 
had stood at about 20° for 18 hours, 22 cc. of 0.1 n HCl were 
added to another portion of 20 cc. and the slightly acid solution 
was evaporated on starch and made into tablets as above described, 
No. 90. 
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A third lot of tablets was made in exactly the same manner 
after the solution had stood at room temperature for 90 hours, 
No. 91. 

A fourth portion of 20 cc., after standing at room temperature 
for 18 hours, was heated in a bath of boiling water to 90°, kept 


100f 
80 
60 
80 


60 


eof ; 
& 
AD 
No. 66 Untreated 
60 


Dissolved in Na0H/10 


- 88 1/2 hour at 20° 
- 90 18 hours at 20° 
60 . 91 90 hours at 20° 


- 89 18 hours at 20° 
and 1 hour at 930° 


20 deys 


Cuart II. 


immersed therein for 1 hour longer, 22 cc. of 0.1 Nn HCl were 
added, and tablets made as before, No. 89. 

Chart I shows the efficiency of the untreated yeast fraction, 
No. 66, in promoting the recovery and growth of young rats 
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declining on a diet’ free from water-soluble vitamine B (Rats 
5917 and 5924). That this efficiency was not appreciably 
impaired by being dissolved in 0.1 Nn NaOH solution during 4 
hour at 20° is shown by Chart II (Rats 6444 and 6423) nor by 
even 18 hours at 20° (Rat 6425). That, however, it was seriously 
affected after 90 hours at 20° is shown by the failure of Rat 6426 
to recover when supplied with 15 mg. daily-of the fraction thus 
treated, and its prompt gain in weight when the alkali-treated 
vitamine was replaced by a like quantity of the untreated prepa- 
ration. That heating in 0.1 N NaOH solution, on the other hand, 
quickly destroys the activity of this preparation is shown by 
Rat 6424. 

These experiments confirm the observations of those investi- 
gators who have reported the destruction of the water-soluble 
vitamine B when heated with alkalies. It thus appears that in 
attempting to concentrate, or isolate, the water-soluble vitamine _ 
B dilute alkaline solutions can be used without materially affect- 
ing its activity provided a low temperature and a short time of 
exposure to the alkali are employed. 


7 The diet consisted of meat residue 20, salt mixture 4, starch 52, butter 
fat 9, and lard 15 per cent. The preparation of the meat residue is de- 
scribed by Osborne, Wakeman, and Ferry (Osborne, T. B., Wakeman, A. 
J., and Ferry, E. L., J. Biol. Chem., 1919, xxxix, 35). The composition of 
the salt mixture is given by Osborne and Mendel (Osborne, T. B., and 
Mendel, L. B., J. Biol. Chem., 1919, xxxvii, 572). 


A METHOD FOR THE DETERMINATION OF CHLORINE 
IN SOLID TISSUES. 


By RICHARD D. BELL anp EDWARD A. DOISY. 


(From the Laboratory Service of the Walter Reed General Hospital, Takoma 
Park, Washington, D. C., and the Biochemical Laboratories of 
Harvard Medical School, Boston.) 


(Received for publication, December 29, 1920.) 


In the course of some investigations in inorganic metabolism it 
became necessary to determine the total chlorine in small samples 
‘of various tissues. While several rapid and satisfactory methods 
have been devised for blood, milk, and other liquids, these are 
not applicable to solid tissues. The size of the samples available 
made necessary the use of a method capable of determining less 
than 5 mg. There is no difficulty in determining this amount in 
pure solution with sufficient accuracy by the titrations of Bang 
(1913) or McLean and Van Slyke (1915), and the problem was 
simply one of removing the organic matter. For this purpose the 
wet ashing process of Neumann (1900, 1902-03) seemed the most 
suitable and we have adapted this method to our needs. 
Neumann’s method consists in ashing the tissues with a mix- 
ture of dilute nitric and sulfuric acids and distilling the hydro- 
chloric acid thus formed into a standard silver nitrate solution. 
The excess silver is titrated by Volhard’s method after removing 
all traces of nitrous acid. All rubber must be avoided in the 
apparatus since it is attacked by the hydrochloric acid in the hot 
gases, causing low results. Plimmer (1904) called attention to 
the formation of hydrocyanic acid as a source of error in this 
method and recommended boiling the acid silver solution contain- 
ing the precipitate for 4 hour before titrating. With this modifi- 
cation, which Neumann (1904-05) later admitted to be necessary, 
Plimmer secured accurate results on proteins. 
To adapt this method to our needs, we have modified the appa- 
ratus to deal with small samples of tissue, and have substituted 
427 


428 Determination of Chlorine in Tissues 


the more sensitive titration of McLean and Van Slyke for that of 
Volhard. We have also shortened the time by using a more 
vigorous digestion mixture. 

Neumann used for the digestion a mixture of equal parts of 
water, concentrated sulfuric acid, and concentrated nitric acid. 
He found that if more concentrated acid was used, some free chlo- 
rine was formed which was not absorbed in the silver solution. 
We use for our digestion concentrated sulfuric acid and persul- 
furic acid. This gives extremely rapid digestion but forms a 
large proportion of free chlorine. ' Accordingly we do not absorb 
the gases in the silver solution but in an alkaline sulfite solution. ~ 
The sulfite is not added as such but is formed in the alkali by 
absorption of sulfur dioxide from the digestion gases. Plimmer 
(1904) found that no cyanides were formed by ashing proteins 
with sulfuric acid alone or in combination with potassium per- 
manganate or manganese dioxide. We have never been able to 
detect cyanides in our distillates. 


Apparatus. 


Our apparatus is arranged: as shown in Fig. 1. We use suction 
rather than the pressure of the boiling digestion mixture to carry 
the gases through the absorption tubes. The tube A carries at 
one end a small bulb B perforated with a number of small holes 
and is provided at the other end with a glass stopper C. The 
tube A is passed through the T-tube D and attached to it by a 
piece of rubber tubing. A bent side arm terminating in the bulb 
E is attached just below the glass stopper C. A second absorp- 
tion tube F is attached to the side arm of the T-tube D and the 
outlet of this second tube is connected to the suction. The diges- 
tion is carried out in the hard glass tube G. The internal diam- 
eter of Gis about 1 mm. greater than the external diameter of the 
bulb HZ. When suction is applied, air enters the annular space 
between E and G and carries the gases through the absorption 
tubes. This space is so narrow and the speed of the entering 
gases so great, that none of the digestion gases can escape. The 
apparatus as described presupposes a halogen-free atmosphere. 
The entering air can be washed, if necessary, by modifying the 
apparatus as in Fig. 2. Gand E are, as in Fig. 1, the digestion 
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tube and the bulb. The washed air enters the side arm of the 
T-tube H. The speed of the entering air prevents any gases 
passing H and attacking the rubber stopper. It is necessary to 
provide a joint in the side arm to allow the replacement of the 
stopper and rubber tube. 


C 


LB WS 


Fig. 


It can be seen that the gases come in contact with nothing but 
glass until they have passed through the liquid in the first absorp- 
tion tube when they are cool and nearly free from hydrochloric 
acid and chlorine. We have found that only 1 or 2 per cent of 
the total chlorine escapes absorption in the first tube. 
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Technique of the Determination. 


The actual determination is carried out as follows. The 
weighed sample of tissue is placed in the digestion tube G with a 
minute drop of mercury as a catalyzer, and two or three pieces of . 
quartz to prevent bumping. (Small pieces of broken silica dishes 
are much superior to pebbles for this purpose’on account of their 
sharp edges. Broken silica ware may be bought quite cheaply 
from dealers.) 2 gm. of solid, chlorine-free sodium carbonate 
(monohydrate) for each gram of tissue sample are placed in the 
_ first absorption tube and about 10 ce. of distilled water added. 
In the second absorption tube are placed about 1 gm. of carbonate 
and 10 cc. of water. A few drops of caprylic alcohol to prevent 
foaming are added to each tube and the apparatus is set up as 
shown. A rather rapid current of air is started and 2 cc. of con- 
centrated sulfuric acid for each gram of tissue are added to the 
digestion tube above the bulb HE. The acid is mixed with any 
liquid in the tube by gentle shaking and the tube is then gently 
heated until the large pieces of tissue have dissolved. If the 
heating is too rapid at first, explosions of steam from the interior 
of the tissue may force gases past the bulb #. The tube G is 
inclined so that water condensing on the bulb will not drop 
directly into the hot acid. The heat is then increased and the 
acid boiled vigorously for about 5 minutes. The tube is allowed 
to cool for a minute or two, the bulb is removed, and 2 gm. of 
ammonium or potassium persulfate and a fresh piece of quartz 
are added, the bulb being replaced as quickly as possible. The 
heating is resumed and if, after boiling a few minutes, the acid is 
not decolorized, another gram of persulfate is added in the same 
manner. The digestion is continued, adding more persulfate if 
necessary, until the acid is perfectly clear and colorless. 

When the digestion has been completed, the air current is 
stopped and all the connecting tubes are washed into the two 
absorption tubes by removing the various joints and the stopper C. 

The liquid in these tubes is then transferred quantitatively to a 
150 ec. Erlenmeyer flask, a few pieces of quartz and a few drops 
of methyl orange are added, and the mouth of the flask is closed 
by a bulb having a small hole in its side and a short open stem 
hanging inside the flask. Dilute (30 per cent) sulfuric acid is 
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added through the side hole in this trap by means of a pipette 
until the solution is slightly acid. The solution is boiled for a 
few minutes, keeping faintly acid to methyl orange by adding a 
few drops of acid from time to time. An excess of acid is to be 
avoided as it decreases the sensitiveness of the end-point of the 
silver titration. When no more sulfur dioxide or carbon dioxide 
comes off,,5 cc. of standard silver nitrate solution (see below) are 
added and the solution is evaporated to about 15 cc. The liquid 
is then transferred to a 25 cc. volumetric flask, cooled, made up 
to volume, and centrifuged. The silver chloride is well coagu- 
lated by the boiling and is easily thrown down in the centrifuge. 
We prefer to centrifuge rather than filter on account of the diffi- 
culty in securing filter paper free from traces of halogens. 20 
ce. of the clear liquid are taken for the titration. 


Titration. 


The solutions used for the titration are those described by 
Van Slyke and Donleavy (1919) except that the picric acid is 
omitted from the silver solution. These solutions are made up 
as follows. 

Silver Solution.—5.812 gm. of pure fused silver nitrate, and 250 
ce. of nitric acid (specific gravity 1.42) are made up to 1 liter with 
distilled water. 

Potassium Iodide Solution.—2.4 gm. of potassium iodide are 
dissolved in 1 liter of distilled water, titrated against the silver 
solution in the manner described by Van Slyke and Donleavy, 
and diluted so that 12.65 ec. equal 5 cc. of the silver solution. 

Indicator Solution —2.5 gm. of soluble starch are dissolved in 
about 500 cc. of distilled water, 446 gm. of crystalline sodium 
citrate (Na3CeH;07.53H2O) and 20 gm. of sodium nitrite are 
added and dissolved by heat. The solution is filtered through 
cotton, cooled, and made up to 1 liter. It should be noted that 
according to u. s. p. IX, sodium citrate contains only 2 molecules 
of water, while according to vu. s. p. VIII, it contains the usual 
54 molecules. If the drier preparation is used, proportionately 
less should be taken. The use of citrate free from chlorides 
appreciably sharpens the end-point. 

The calculation is simple: 
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1015 — (100 X cc. KI) 


: : - = mg. NaCl per 100 gm. tissue, or 
weight tissue in gm. 


1015 — (100 X ec. KI) 


— = me. Cl r 100 gm. tissue 
1.65 (weight tissue in gm.) : i 


The color of the methyl orange which is used during the evapo- 
ration is entirely destroyed by the nitrous acid formed on adding 
the indicator solution and does not interfere with the end-point 
of the titration. The iodide solution should be frequently com- 
' pared with the silver. If they are found not to agree, the com- 
parison should be repeated using a new indicator solution, since 
substances are occasionally formed in the indicator on standing 
which cause the blue color to appear before all the silver has been 
precipitated. The solutions should be compared whenever a new 
indicator solution is made up. 


Reagents. 


All the reagents, including the distilled water, must be fre- 
quently tested to insure the absence of halogens, and it is advis- 
able to run blanks often. 

Good grades of sulfuric and nitric acids are usually sufficiently 
free from halogens and we have never had any samples of persul- 
fate which were not pure. Potassium persulfate may be recrys- 
tallized easily from water. The ammonium salt is decomposed 
by hot water but may be converted into the potassium compound 
by adding a potassium salt to its solution, since the potassium 
salt is much less soluble. 

The purity of the alkali is most important since large amounts 
of it are used. We have been unable to buy or prepare sodium 
hydroxide free from halogens. Even when prepared from metal- 
lic sodium it contains too much chlorine. However, the prepara- 
tion of chlorine-free carbonate is quite simple. 

400.gm. of NasCO;.10H2O or an equivalent amount of a drier 
preparation are dissolved in water and made up to 500 ce. Alco- 
hol is added in small quantities with shaking until the mixture 
just begins to separate into two layers. About 100 cc. of alcohol 
are required. The upper alcoholic layer should be as small as 
possible. The mixture is seeded with about a gram of solid 
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carbonate and cooled under the tap to below 18°, with constant 
shaking to prevent the crystals from adhering to the sides of the 
vessel as they form. About 250 cc. more of alcohol are added and 
the mixture is again cooled until no more carbonate separates. 
The crystals are sucked dry on a Buchner funnel, and washed 
with about 200 ce. of alcohol in small portions. When nearly 
dry, the carbonate is made up to 500 ec. with distilled water and- 
recrystallized in exactly the same manner as before. This second 
crystallization and washing should be done with alcohol free from 
chlorides, which may readily be obtained by distilling over a little 
carbonate. The purified salt is best preserved as the mono- 
hydrate. 

if the original preparation is nearly free from chlorides, the 
first crystallization may be omitted. In all cases the final 
product should be again tested for chlorides just before using. 

If desired, sodium citrate for the indicator solution may be 
recrystallized in a similar manner. 


RESULTS. 


Table I gives some results obtained on blood by this method 
and by Foster’s (1917) modification of McLean and Van Slyke’s 


TABLE I. 
NaCl Content of Blood and Plasma, per 100 Ce. 


No. Tissue vane | Pieeeee 
mg. mg 
1 Defibrimated blood: . 52.0.2: ioa5 oleate tandem on 491 495 
Pe lovwacle blood, NOFA |, ...cdccc. oa ccoet.coe secon 494 504 
3 ca ce See RE «iS tetas, eee eee eee 494 506 
4 <: as OPO SPE Aa A Se 506 511 
5 FS se OD ie Oe eral Rete tes axe,as oe Re 438 433 
6 a 4 Bey ewre ore a usare srs eked ce 471 468 
7 as Me Pit ss Sha tela cy loys SOE ME 425 427 
8 “ . bod bee See te zy 5. 475 478 
SUMMM eaL ASTID se TU OEUGAL -topesc 5.2: <2) oe «. sich’ seals, Niotarege Mee 644 641 
10 es OF Tem epee crt cea tts be ae eee 638 635 
11 a A cing i eee ARNE Ri sets TNS. 631 631 
12 < SETAE rh EG 52 to's as 700 692 
13 i Le cr OME E eR TC ete 596 591 


434 Determination of Chlorine in Tissues 


method. The original method of McLean and Van Slyke could 
not be used on account of the lack of Merck’s blood charcoal. 
1 cc. of blood was used in all cases. 


TABLE II. 
NaCl Content of Human Rectus Muscle, per 100 Gm. 


No. Diagnosis. Weight of NaCl 


sample. 

gm. mg. 
it Pvformaial ord ss in ds cisco nic RoR RY OES ides tee 4.067 84 
5.200 82 
2 OWI « <5 idig.c on 303 bs pL eo Le rae 3.55 108 
3.98 107 
3.275 107 
3 Streptococcus septicemia...... pice ee 3.45 97 
; 4.508 94 
A. | Paberculosis... :<..)..5.. bens sane. <6) 1 169 
2.585 168 
5< 3) Salmonary GUpercwlosids ts. os. cn... s = oon ee 4,337 158 
4.378 157 

6y | Tuberculosis: pneumonia’. 7.40... eee 2.903 124 
3.137 125 
7 Dapbtheria> empyema, .. cs sc basse schemes 3.855 103 
3.675 106 
8 Empyema;-surgieal shock... /.0 0... 7.222a<08ee 4,921 119 
3.407 117 
9 Miliary tuberculosis’;...2 -.cen ssc. eae 2.941 149 
2.997 147 


We have used this method successfully on many different tis- 
sues including various abdominal organs, bone, brain, skin, and 
muscle. Certain tissues may require slight modifications of the 
digestion. It is often necessary to add more acid during the 
digestion of tissues containing much inorganic matter such as 
bone. Tissues containing much fat are among the most resistant, 
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and it is best to prolong the digestion with acid alone, before 
adding the persulfate. 
Table II shows the agreement of duplicates obtained on human 
muscle. | 
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THE DETERMINATION OF CHLORIDES IN TRICHLORO- 
ACETIC ACID FILTRATES FROM WHOLE 
BLOOD AND PLASMA. 


By MILLARD SMITH. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 


(Received for publication, December 1, 1920.) 


There are at present at least three methods commonly in use 
for the determination of chlorides in blood. They are the Van 
Slyke and Donleavy,! Foster,? and Rappleye? methods. The 
first two are adaptations of the original McLean and Van Slyke! 
starch-iodide titration, merely employing different procedures for 
the removal of blood proteins, while the latter method utilizes the 
Volhard titration and another modification for precipitation of 
blood proteins. It would seem unnecessary to add an additional 
method to these apparently satisfactory ones but certain consid- 
erations seem to the writer to justify the introduction of the present 
modification of the original McLean-Van Slyke titration. 

The method of Foster gives reliable figures and is very satis- 
factory for a large proportion of blood chloride determinations but. 
frequently there are bloods, especially pathological, from the 
filtrates of which it is impossible to flock out the silver chloride 
completely. This happens in spite of large additions of magne- 
sium sulfate and careful fusing of the m-phosphoric acid before the 
precipitation of blood proteins. This is a very serious drawback 
as a satisfactory remedy (heating) would make the method com- 
plicated. Two bloods which presented this difficulty with Foster’s 
method gave no trouble with the method to be described. 

While comparing the method of Van Slyke and Donleavy with 
that of Foster it was found that the latter gave results much 
lower than the former. This was rather surprising and it was not 


1 Van Slyke, D. D., and Donleavy, J. J., J. Biol. Chem., 1919, xxxvii, 551. 

2 Foster, G. L., J. Biol. Chem., 1917, xxxi, 483. 

3’ Rappleye, W. C., J. Biol. Chem., 1918, xxxv, 509. 

4McLean, F. C., and Van Slyke, D. D., J. Am. Chem. Soc., 1915, xxxvii, 
1128. 
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until the silver solutions for both methods had been again care- 
fully prepared and blanks and known chloride solutions had been 
determined simultaneously with the bloods that the former 
figures were considered reliable. Invariably the method of Van 
Slyke and Donleavy gave correct figures on known solutions of 
chloride in water and high figures on plasma. These figures were 
further confirmed by comparing with the method of McLean and 
Van Slyke® and also with the digestion method of Bell and Doisy® 
which through the kindness of Professor Bell the writer was 
permitted to use. 

A probable explanation for the high figures by the method of 
Van Slyke and Donleavy is that some silver is carried down with 
the blood proteins during their simultaneous precipitation with 
the chlorides. It might be mentioned that plasmas used for 
comparison were carefully obtained to insure freedom from hemoly- 
sis although it is doubtful whether a small amount of hemolysis 
would introduce an appreciable error (see Table I). The method 
of Rappleye was not compared with that of Bell and Doisy but 
it would seem to be open to the same error as that of Van Slyke 
and Donleavy. 

This left the problem of finding some blood protein precipitant 
which would satisfactorily remove blood proteins and give a fil- 
trate from which silver chloride could easily be precipitated. 
Picrie acid with nitric acid used by Austin and Van Slyke’ for 
whole blood is open to the same difficulty as m-phosphorie acid. 
The same is also true of nitric acid with magnesium sulfate. 
Tungstic acid filtrates, even after removing the excess tungstate 
with barium hydroxide, while being well suited for the precipita- 
tion of silver chloride, gave slightly high results (about 2 per cent). 
Heat with acetic acid as used by McLean and Van Slyke in their 
original method is rather laborious and necessitates Merck’s 
blood charcoal. Trichloroacetic acid, a very efficient protein pre- 
cipitant and one introduced by Greenwald’ for precipitation of 
blood proteins, was tried and found to be very satisfactory in the 
determination of blood chlorides. 


5 McLean, F. C., and Van Slyke, D.D., J. Biol. Chem., 1915, xxi, 361. 
§ Bell, R. D., and Doisy, E. A., J. Biol. Chem., 1920-21, xlv, 427. 

7 Austin, J. H., and Van Slyke, D. D., J. Biol. Chem., 1920, xli, 345. 
® Greenwald, I., J. Biol. Chem., 1915, xxi, 61. 
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TABLE I. 
Sodium Chloride per 100 Cc. of Blood. 
So y F = = 
Gemless \eee laa | ot me 
Seueayl aaiise ba lhe 
Bete ics. | Senile 
mg mg. mg. mg. mg. mg. 
Jeet rates orden lls oo eae ano a oene 612 | 649 | 618} 618 
£ Se ee ee eee 608 | 641 609 | 615 
Ay oat, 3) ene oe 607 | 645 | 633 
oo UO TAIN all eee cle eee cies ars 636 | 640] 665 640 
641 640 641 
ty ME BAC TPs Me. 9 8 sto are 635 | 606 
H OS ee ee eee 643 | 646] 688 
647 
= “2 dec Ae ae 640 | 645 | 676 
645 | 646 
7 cisibrenicu.e. Usha te? 618 | -628 | 649 
628 
a iNGy a 00k) Panes © Bes Bs Geter 631 661 
632 662 
is Se Renee), 30. Ne Ate aR 629 665 
630 
= a UR a AL Ath et 609 638 
611 
Fe REPHTIUIC sien eles 595 | 608 
609 | 608 
= normal (diluted)........ 460 | 465 
465 | 466 
x Giaehwe tes 4 etmrakratc: £7. 601 | 607 
607 | 608 
Whole blood, normal............. 466 | 460 
462 
Plasma, same blood...... 629 
630 
Whole blood, diabetic............ 487 | 483 
491 484 
as iy ar eee 499 | 500 
502 | 501 
SUSE ES TTI a en a 679 676 
Piasma. nephritic.....\.: 2520s. s.'. 588 583 
Ascitic fluid, nephritic............ 623 625 


* Mixture of diabetic plasmas. 
t Very slightly hemolyzed. 


Hemolyzed. Considerable lipemia. 


t Considerably hemolyzed. Plasma had stood 24 hours at 27°C. in an 


open tube. 
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Trichloroacetic acid would on first thought seem to be a rather 
dangerous reagent to use in connection with the determination of 
blood chlorides since it contains chlorine. Moreover this chlorine 
will react with silver nitrate in solutions of trichloroacetic acid 
which have stood for some time. A fresh solution will give no 
opalescence with silver nitrate, providing it is prepared from 
chloride-free crystals. At the end of 24 hours, if silver nitrate is 
added, a slight opalescence will appear but not enough to make an 
error outside the limit of error of the method. The fact that the 
solution of trichloroacetic acid even at the end of 24 hours will 
introduce no appreciable error into the results gives a wide marum 
of time for a determination.® 

Trichloroacetic acid filtrates are adapted for the determination 
of chlorides in plasma, whole blood, or other body fluids. More- 
over, the trichloroacetic acid solution is very easily made up and. 
requires no previous preparation as does m-phosphoric acid. The 
filtrates are identical with those in which Bell and Doisy!® deter- 
mine phosphates and are also adapted for the determination of 
non-protein nitrogen according to Folin and Wu" (the nitrogen 
values are slightly higher than in tungstic acid filtrates) so 
that these determinations may be done simultaneously with the 
chlorides. 

While the starch-iodide titration is superior to the Volhard 
titration for chlorides in blood, one may get into serious difficulty 
by not understanding thoroughly the various factors which deter- 


® A 25 per cent solution of trichloroacetic acid, containing 10 cc. of con- 
centrated nitric acid per 100 cc., which had stood for 2 weeks exposed to 
ordinary daylight and which gave a strong opalescence with silver nitrate, 
when used on a solution of sodium chloride in water gave a result only 1.5 
per cent too high. 

A 20 per cent solution of trichloroacetic acid, which had stood in ordi- 
nary daylight for 19 days, when used on a plasma and compared with a 
freshly prepared solution of trichloroacetic acid on the same plasma gave 
632 and 631 mg. of NaCl as compared with 620 and 623 mg. of NaCl for the 
fresh solution. 

A trichloroacetic acid blood filtrate which was determined immediately 
and after standing 5 days gave the values 609 and 608 respectively, ‘the 
slightly lower figure on standing being within the limit of error of the titra- 
tion. 

10 Bell, R. D., and Doisy, E. A., J. Biol. Chem., 1920, xliv, 55. 

11 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 
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mine its sensitiveness. As McLean and Van Slyke have shown 
in their first paper, the final acidity is the most important factor. 
The blue color is developed best in slightly acid solution. Too 
much acid abolishes the blue color and leaves only the brown 
color of the iodine liberated by the nitrous acid. If the solution 
is not acid enough no color at all will be formed because it is nec- 
essary for nitrous acid to be present to liberate hydrogen iodide 
' from the potassium iodide. (This is a valuable criterion to use 
in determining roughly whether the proper amount of citrate solu- 
tion has been added, for when a blue color is formed after the addi- 
tion of each drop of potassium iodide during the titration it is an 
indication that the optimum conditions are approximated, al- 
though this should be checked up with an end-point determina- 
tion as will be described.) 

While using Foster’s method it was noticed that the end-point 
was much sharper and bluer in color than for the other methods. 
Upon investigation of the cause it was found that the m-phosphoric 
acid present seemed to increase the sensitiveness of the end-point. 
Further investigation showed that o-phosphoriec acid or its sodium 
or potassium salts have the same effect. This is not entirely due 
to the buffer action of the phosphate for in a titration which was 
too acid (with nitric acid), due to too little citrate solution having 
been added, the addition of a small amount of phosphoric acid, 
notwithstanding that this made the solution more acid, improved 
the end-point. The addition of phosphoric acid to the citrate 
solution also greatly increases its flexibility. A variation greater 
than 0.25 ce. of the McLean-Van Slyke citrate solution will 
appreciably affect the end-point while a similar variation of the 
same solution containing a proper amount of phosphoric acid will 
hardly be noticeable. The most curious fact about the addition 
of phosphoric acid is that it will make the color of the end-point a 
deeper blue, even though the optimum amount of citrate solution 
has been added. 

Another important factor influencing the sensitiveness of the 
end-point is the amount and character of the starch used. In- 
creasing the amount of starch in a titration makes the end-point 
more intense and therefore easier to distinguish. The starch 
should be soluble but this can be carried too far as has evidently 
been done in the soluble starches obtainable on the market at 
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present. They give an end-point which is not a pure blue, indi- 
cating that some dextrin is present. This difficulty may be over- 
come by boiling ordinary corn-starch 4 or 5 hours and then filter- 
ing through cotton. This gives a soluble starch which shows an 
intense blue color in the presence of iodine. The writer feels that 
it is more satisfactory to keep the starch solution separate from the 
citrate solution. ; 

The presence of other salts during the titration makes the end- 
point less sharp. ‘Too much nitrate, magnesium sulfate, or sodium 
chloride are examples. While it is not imperative it is very desir- 
able for this reason to use sodium citrate, sodium nitrite, and phos- 
phoric acid free from chlorides. 

The final volume for titration bears an inverse ratio to the 
intensity and sharpness of the end-point. This makes it desirable 
to perform the titration in as small a volume as possible. 

Finally as pointed out by Van Slyke and Donleavy the blue 
color is not produced by the starch until a considerable but definite 
excess of potassium iodide solution has been added. They give 
this amount as 0.15 cc. but it may vary, even under optimum 
conditions, with the character of the starch and other factors dis- 
cussed above. It is therefore very important to determine the 
amount of this excess for every new buffer solution, silver nitrate 
solution, or starch solution. 

Bearing in mind the above factors it has been the purpose of 
the writer to make the titration as sensitive and flexible as pos- 
sible. The final volume for titration has been considerably re- 
duced, the starch solution has been made from corn-starch and 
kept separate, phosphoric acid has been added to the citrate solu- 
tion, and finally the potassium iodide solution has been made 
sligh tly stronger. 


Preparation of Solutions. 


1. Trichloroacetic Acid 20 Per Cent.—A simple procedure for making this 
solution when needed is as follows: Counterpoise a small beaker or flask on 
ordinary laboratory scales. Weigh directly into the beaker or flask enough 
trichloroacetic acid crystals to give a 20 per cent solution of the volume 
desired. Then add the proper amount of distilled water with a pipette or 
small cylinder. Great accuracy is not required in making up this solution. 

2. Starch Solution.—Place 5 gm. of corn-starch or potato starch in a liter 
beaker containing about 400 cc. of distilled water. Heat the mixture to 
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boiling with stirring to prevent scorching. After it once begins to boil the 
stirring is no longer necessary. Continue the boiling gently for 5 hours 
keeping the volume of the fluid at about 400 cc. by adding distilled water 
from time to time. Then pour the solution into a liter flask and make to 
1,000 cc. when cool. Filter through a good thickness of cotton and the 
solution is then ready for use. The solution is quite opalescent but gradu- 
ally settles out forming a clear supernatant portion. It is not necessary 
to wait for this before using. (The solution can be cleared by filtering 
through filter paper but it soon fills the pores and the filtration is extremely 
- slow.) Add about 10 drops of xylene or toluene and thoroughly mix with 
the solution. This will prevent the formation of moulds or growth of 
bacteria. Such a solution prepared by the writer has kept perfectly for 5 
months with contant use.!* 

3. Buffer Solution.—Place in a liter flask 446 gm. of sodium citrate (53 
mols H.0) and 50 cc. of 80 per cent phosphoric acid syrup. Make the 
whole up to a volume of about 800 cc. with distilled water and dissolve 
with the aid of boiling. Pour this solution quantitatively into a liter vol- 
umetric flask and allow to cool. To about 100 cc. of distilled water add 20 
gm. of sodium nitrite. This will dissolve without the aid of heat. When 
it is dissolved, pour into the cooled citrate-phosphate solution, mix, and 
make tovolume. This solution may then be filtered, if necessary, and it is 
ready for use.!? 

4. Silver Nitrate Solution.— 

RIREV RENEE ALCS Uoi.cc\caktacs Sates She ck ee Ri eer OEVS Ee Se ree 11.624 gm. 
INTHE: EYCGI16 E() oes dpe al I-22) La ete peace ar nite inhicrcl Gea RES Gio aes © 300 ce. 
Make to 1,000 cc. with distilled water. 

1 cc. of this solution is equivalent to 4 mg. of NaCl. 

5. Potassium Iodide Solution.—1 ce. of this solution is equivalent to 
0.8333 mg. of NaCl. 

Dissolve 6.0 gm. of potassium iodide in 2,000 ce. of distilled water. 
Standardize this solution against the silver nitrate solution as follows: To 
10 cc. of distilled water, accurately measured, add 2 ce. of silver nitrate 
solution from an Ostwald pipette accurately standardized for blow-out 
delivery. After mixing, pipette 10 cc. of this solution into a 50 cc. Erlen- 
meyer flask and then add 2.5 cc. of the buffer solution and 1.0 ce. of the starch 
solution. (Mohr pipettes may be used for the buffer and starch solutions. ) 
Titrate with the potassium iodide solution to the first permanent blue color. 
It should take about 8.02 to 8.06 cc. as discussed under ‘‘End-point.’’ 
Make the necessary dilution of the potassium iodide solution and then care- 
fully standardize again both for end-point (see ‘‘End-point’’) and strength. 


12 This solution may be used in the titration of either Foster’s method or 
the method of Bell and Doisy by using double the quantity required for the 
titration described in this paper. 
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End-Point. 


The end-point should be a pure, permanent blue. The perma- 
nency of the end-point may be determined by shaking gently for 30 
seconds to see if it fades. I have found it desirable to run the 
titration not to the first permanent blte but 1 drop past this 
point to a deeper blue. If the potassium iodide solution is stand- 
ardized for such an end-point the procedure is unquestionable. 
All subsequent titrations should be run to the same depth of color. 
When about 0.2 cc. from the end-point, if 5 or 6 drops of potas- 
sium iodide solution are added at once a false end-point will appear 
and fade in about 15 to 45 seconds. ‘This is due to the presence 
of chlorides in the indicator solutions. It is therefore best to 
approach the end-point a drop at a time. This will insure a 
definite and permanent end-point upon the addition of 1 drop 
(0.02 cc.) of potassium iodide and no confusion will result from 
fading and necessary addition of more potassium iodide until the 
permanent color is obtained. 

The optimum conditions for the Peon for any particular 
set of solutions used may easily be determined. Place 5 cc. of 
a solution containing 850 to 900 mg. of NaCl per 100 cc. in a 50 ce. 
volumetric flask, add 5 ec. of 20 per cent trichloroacetic acid, 
make to the mark with distilled water, and mix. Accurately 
measure four 10 cc. portions into four 15 cc. centrifuge tubes. 
Add 2 ce. of the silver nitrate solution to each tube with an Ost- 
wald pipette, insert a clean, dry stopper, vigorously shake the 
tube for a moment to flock out the silver chloride, and centrifuge. 
Accurately pipette 10 cc. of the supernatant fluid in each tube into 
50 cc. Erlenmeyer flasks. Add 2.0, 2.5, 3.0, and’3.5 ec. portions 
of the buffer solution respectively to the four flasks. Then add 
1.0 ce. of the starch solution to each flask and titrate! each to the 
desired permanent blue color. As all the silver nitrate will have 
been removed by the sodium chloride, the amount of potassium 
iodide solution added will represent the amount necessary to add 


13 It is best to use a small (5 ec.) burette for the titration as it permits 
of greater accuracy. The Folin sugar burette (supplied by Emil Greiner 
Company, New York) is very well adapted as it is of 5 ec. capacity and grad- 
uated in 0.02 ce. The tip may be drawn out slightly in the flame to make 
the drops smaller. It is possible to do this so that 1 drop will be 0.02 ce. 
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in excess of the neutral point in order to obtain the blue color. 
Ordinarily the flask containing only 2 cc. of buffer solution will 
require 0.06 to 0.08 ce. The others will require 0.02 to 0.05 ce. 
The best color will usually be given by the flask containing 2.5 
ee. of buffer solution, and I have found that the end-point is quite 
intense when 0.04 cc. of the potassium iodide solution has been 
added. However, as pointed out this will vary with the solu- 
tions. When this procedure has been completed the potassium 
iodide solution can then be accurately diluted so that 8.0x ec. 
will be required for a blank determination where 2 cc. is the amount 
required for an optimum end-point. 


Procedure for Blood Chloride Determination. 


1. Preparation of Blood Filtrate—Carefully measure (an auto- 
matic burette is convenient) 40 cc. of distilled water“ into a clean, 
dry flask or tube. Then run 5 cc. of plasma, whole blood, or 
other fluid to be determined into the water from a pipette gradu- 
ated to contain 5 ce. (The determination may be done with as 
little as 2 cc. of plasma with proportional quantities of water and 
trichloroacetic acid.) Blow out the last drop and then rinse out 
the pipette twice by sucking up the mixture of water and blood, 
and finally blowing out the pipette. Accurately add 5 cc. of the 
trichloroacetic solution, stopper, and shake at intervals for 10 to 
15 minutes. Filter the mixture through a dry chloride-free filter™ 
into a dry tube or flask. The filtrate is then ready for the chloride 
or other determinations. 


14 Tt is impossible to obtain c.p. trichloroacetic acid on the market at 
present. The v.s.p. grades give a filtrate from which silver chloride will 
not completely precipitate. This trouble is not experienced with pure 
trichloroacetic acid. The difficulty is easily remedied by the use of 5 cc. - 
of 95 per cent ethyl] alcohol (or ethyl aleohol denatured with methyl] alcohol; 
methyl alcohol alone is not so satisfactory) in the precipitating mixture. 
This may best be done by adding 100 ce. of alcohol to 700 cc. of distilled 
water and using 40 cc. of this mixture for diluting the blood. The filtrates 
are suitable for the other determinations as well as chloride. 

15 The use of chloride-free filter paper should be emphasized. Two 
chloride determinations on a blood were made using the method of Van 
Slyke and Donleavy with Alpha paper (chloride-free) and a good grade of 
Whatman paper. The filtrate from the Whatman paper gave a result 1.2 
per cent higher than that from the Alpha paper. Of course this danger is 
perhaps not so great when solutions containing no silver nitrate are filtered. 
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2. Chloride Determination.“—Measure 10 cc. of the filtrate into 
a 15 cc. centrifuge tube, add 2 cc. of the silver nitrate solution as 
has been described, stopper, shake vigorously, and then centrifuge. 
(The silver chloride, especially in whole blood determinations, will 
be in very fine suspension appearing to be colloidal but after vigor- 
ous shaking and centrifuging a perfectly clear supernatant solution 
is obtained.) Pipette 10 cc. of the clear supernatant solution into 
a 50 cc. Erlenmeyer flask and add the proper amount of buffer 
solution (as indicated by the end-point determination) and 1.0 
ce. of starch solution. Titrate to the desired permanent blue 
color with the potassium iodide solution.“ 

8. Calculation — 8.0x — cc. KI = gm. of NaCl per liter of blood, 
where x represents the cc. of potassium iodide solution necessary 
to give the end-point. 

It is evident that the highest blood chloride that may be deter- 
mined is 800 mg. of NaCl per 100 cc. of blood. In a large number 
of determinations on pathological bloods the writer has never 
encountered such a high blood chloride. If such a blood should 
occur, however, the trichloroacetic acid filtrate may be diluted with 
an equal volume of distilled water and the determination made 
in the way described. The result is then multiplied by two. 


RESULTS. 


Table I gives a comparison of figures obtained by the method 
described with those of Bell and Doisy, Van Slyke and Donleavy, 
McLean and Van Slyke, and the digestion method of von Koranyi.!” 
All plasmas, unless otherwise stated, which were used for compari- 
son with the method of Van Slyke and Donleavy were perfectly 
free from hemolysis. Merck’s blood charcoal was used in the 
McLean-Van Slyke determinations. With each determination a 
known chloride solution as well as a blank was determined. These 


16 This determination may also be made by placing 10 ce. of filtrate in a 
25 ec. flask, adding 5 ce. of a silver nitrate solution containing per liter 
5.812 gm. of AgNO; and 250 ec. of HNO; (sp. gr. 1.42), making to mark, 
centrifuging, and titrating 20 ec. of the clear supernatant solution with 
N/73.1 KI after the addition of 5 ec. of buffer solution and 2 ec. of starch 
solution. Calculation: 10. zz — cc. KI = gm. of NaCl per liter of blood, 
where xz is the amount necessary for the development of the end-point. 

17 von Kordnyi, A., Z. klin. Med., 1897, xxxiii, 1. 
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figures are not included in the table but in all cases the variation 
from theoretical was less than 1 per cent. 

Table II gives a series of nine complete determinations on the 
same plasma in comparison with the digestion method of von 
Koranyi. The purpose of this table is to show approximately the 


TABLE II. 
Comparison of Nine Complete Analyses of a Plasma with That of a von 
Kordnyi Digestion Determination. 


| 
Trichloroacetic acid filtrates. von Kordnyi. 10 cc. plasma used. 


mg. mg. 


582 583 


Average...... 583 


degree of accuracy of the method. With careful work errors 
should be less than 1 per cent. The titration is capable of even 
greater accuracy as the variations very probably occur in the 
precipitation of the blood proteins. 


CONCLUSION. 


1. The determination of blood chlorides by several different 
methods is discussed. 

2. It is pointed out that the simultaneous precipitation of blood 
proteins and chlorides is open to error. | 

3. A modification of the McLean-Van Slyke starch-citrate- 


nitrite solution is introduced. 
4. The use of trichloroacetic acid filtrates for determination of 


chlorides is described. 


I wish to thank Professor Otto Folin and Professor Richard D. 
Bell for helpful suggestions and encouragement during my work. 
I am also indebted to Mr. J. C. Whitehorn who kindly made the 
chloride determinations according to the method of von Kordanyi. 
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A SYSTEM OF BLOOD ANALYSIS.* 


SUPPLEMENT II. 


SIMPLIFIED METHOD FOR THE DETERMINATION OF CHLORIDES 
IN BLOOD OR PLASMA. 


By J. C. WHITEHORN. 
(From the Biochemical Laboratories of Harvard Medical School, Boston.)-+ 


(Received for publication, December 29, 1920.) 


The method of preparing protein-free filtrates by the use of 
tungstic acid, as developed and used by Folin, has proved so 
highly satisfactory in the determination of a number of blood 
constituents, that it has seemed desirable to apply it to the deter- 
mination of chlorides. 

The procedure developed for this purpose is based upon the 
principle of the Volhard method;! namely, the precipitation of 
silver chloride from a known amount of silver nitrate and titra- 
tion of the excess silver nitrate by means of sulfocyanate, using 
ferric ammonium alum as an indicator. 

A number of preliminary experiments were conducted to ascer- 
tain the most convenient conditions which would give a good 
end-point. Efforts to obtain increased accuracy by greatly 
increased dilution of reagents were disappointing. In order to 
insure a sharp end-point, the volume of fluid at the end of titra- 
tion must be kept small, which cannot be done when very dilute 
solutions are used. As a result of dilution the end-point tends to 
be yellowish, rather than red, and cannot be accurately perceived, 
at least by the writer’s eye, except in strong daylight. This diffi- 
culty in the use of very dilute solutions is somewhat increased by 
the presence of oxalate, because of the lemon-yellow color of 


* By agreement between Mr. Whitehorn and myself, this paper is pub- 
lished as Supplement II of the ‘‘System of blood analysis’’ devised by 
Folin and Wu.—Professor Otto Folin. 

1 Volhard, J., Ueber eine neue methode der maassanalytischen Bestim- 
mung des Silbers, J. prakt. Chem., 1874, ix, 217. 
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iron oxalate. It was presumably for this reason that Rappleye’s 
method for plasma chlorides? required the use of citrated rather 
than oxalated plasma. The personal element in the reading of 
such faint end-points is perhaps rather large, for Myers and Short 
have very recently published fairly accurate results obtained on 
picrie acid filtrates by a modified Volhard-Arnold method in 
which they used ammonium thiocyanate of only m/117 strength.’ 
The writer, however, has found it more satisfactory to use a | 
thiocyanate solution of m/35.5 strength, of which 0.03 cc. gives, 
under the conditions specified, an unmistakable end-point. 

For reasons which will appear below, it was necessary to avoid 
the customary procedure of filtration or centrifugalization of the 
silver precipitate. This simplification has been accomplished 
without loss of accuracy by the liberal use of nitric acid and ferric 
alum. Accurate results were obtained on known chloride solu- 
tions, with or without the addition of small amounts of tungstic 
acid. 

The following method was thereupon developed. 

I. Preparation of Protein-Free Filtrates—The filtrate is pre- 
pared by the use of the same reagents as have been described in 
detail by Folin and Wu‘ for the determination of non-protein 
nitrogen, urea, uric acid, creatinine, creatine, and sugar. Because 
even slight variations in the chlorides are significant, great accu- 
racy is necessary. The writer customarily uses volumetric flasks 
in order to insure an accurate 1:10 dilution. The method is 
applicable, without alteration, to either whole blood or plasma. 
An amount of filtrate equivalent to 1 cc. of blood or plasma is 
needed. Less may be used but with proportionate loss of accu- 
racy. 

IT. Determination of Chloride Content of Filtrate——(a) Reagents 
Required.—1. Silver nitrate solution (m/35.46). 

2. Potassium (or ammonium) sulfocyanate (m/35.46). 

3. Powdered ferric ammonium sulfate (FeNH4(SOu,)2). 

4. Concentrated nitric acid (HNO; of specific gravity 1.42). 


2 Rappleye, W. C., A simple application of the Volhard principle for 
blood plasma chlorides, J. Biol. Chem., 1918, xxxv, 509. 

’ Myers, V. C., and Short, J. J., The estimation of chlorides in blood, 
J, Biol. Chem., 1920, xliv, 47. 

4 Folin, O., a Wu, H., A system of blood analysis, J. Biol. Chem., 1919, 
XXXVI, 81. 
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(b) Procedure——Pipette 10 cc. of the protein-free filtrate into 
a porcelain dish. Add with a pipette 5 cc. of the standard silver 
nitrate sglution and stir thoroughly. Add about 5 cc. of concen- 
trated nitric acid, mix, and let stand for 5 minutes, to permit the 
flocking out of the silver chloride. Then add with a spatula an 
abundant amount of ferric ammonium sulfate (about 0.3 gm.) 
and titrate the excess of silver nitrate with the standard sulfo- 
cyanate solution until the definite salmon-red (not yellow) color 
of the ferric sulfocyanate persists in spite of re for at least 
15 seconds. 

(c) Calculation.— 


5.00 — titer (in cc.) = mg. of Cl per cc. of blood (or plasma) 


Since each cc. of thiocyanate solution used is equivalent to 1 
ec. of silver nitrate solution, the difference between the volume of 
silver nitrate solution taken and the excess determined by the 
titration, that is 5—titer, represents the volume which reacted 
with chloride at the ratio of 1 cc. to 1 mg. of Cl. And the 10 
ee. of filtrate taken represents 1 cc. of blood (or plasma). 

To convert Cl figures into NaCl figures divide by 0.606. The 
same result may be more easily obtained by the following rule: 
To obtain mg. NaCl per 100 cc., divide mg. Cl per liter by 6, and 
subtract 0.001 of the result. Conversely, to obtain mg. Cl per 
liter, add to mg. NaCl per 100 cc. 0.001 of itself and multiply by 6 

The examples in Table I illustrate the principles involved in 
the calculation. 


TABLE I. 
NaCl per 100 ce. 
‘Specimen. Titer. Cl per ce. etionc 
By simple rule. ealeu- 
lation. 
ce. mg. mg. mg. 
Filtrate A.....} 0.75 (5 — 0.75) = 4.25 | (4,250) — 7 = 701 701 
sg 1B Oa leads) (6 = 2.25) = 2.75" | 5 (2,750) — 5 = "453 453 
“ Cera eles (5 — 1.35) = 3.65 | 4(8,650) — 6 = 602 602 


(d) Preparation of Reagents.—Dissolve 4.791 gm. of c.P. silver 
nitrate in distilled water. Transfer this solution to a liter volu- 
metric flask and make up to the mark with distilled water. Mix 
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thoroughly and preserve in a brown bottle. 1 cc. = 1 mg. Cl. 
(It is to be noted that the silver nitrate and nitric acid are not 
added to the protein-free filtrate simultaneously. To do so may 
result in the mechanical enclosure of silver nitrate solution within 
the curds, and a consequent error in the positive direction.) 
‘ Because sulfocyanates are hygroscopic, the standard solution 
should be prepared volumetrically. As an approximation about 
3 gm. of KCNS or 2.5 gm. of NHiCNS should be dissolved in a 
liter of water. By titration under the conditions specified under 
“Procedure” and by proper dilution prepare a standard such 
that 5 cc. are equivalent to 5 cc. of the silver nitrate solution. 
The solid ferric alum is used rather than a solution, in order to 
insure a very high concentration in the mixture to be titrated. 
It is powdered in order to facilitate its solution. 


Remarks. 


1. Essentially the same procedure and reagents may be used 
in determining urine chlorides, except for the silver nitrate solu- 
tion, which should be of m/7.092 strength. When 5 cc. of urine 
and 5 ce. of this strong silver solution are used in urine chloride 
determination the calculation becomes 5 — — = mg. Cl per ce. 
of urine. 

2. When a determination of both urea and chlorides is desired 
on a small sample, as may sometimes occur in cases where nephritis 
is suspected, one may pipette 2 cc. of the plasma into a 25 ce. 
' flask, dilute to about 20 ec. with water, add 2 ce. each of the tung- 
state and acid solutions, make up to the mark with water, and 
shake. This will give sufficient filtrate for both determinations, 
5 ec. for urea by Folin’s distillation method and 10 cc. for the 
chlorides by the method described. In either case the figure 
obtained must be multiplied by #?, since the filtrate has been 
diluted 2 : 25 instead of 2: 20. 

3. The glassware should be checked to within at least 0.5 per 
cent. | 

4. Reagents must be halogen-free. Some samples of nitric 
acid contain much chloride. None of the samples of tungstate 
tested has contained chloride. To guard against the possibility 
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of contamination, however, all samples should be tested as follows 
before using: Mix one volume of 10 per cent sodium tungstate 
solution with two volumes of concentrated, chloride-free nitric 
acid, and filter into a test-tube containing silver nitrate solution. 
Turbidity indicates contamination with halogen. 

5. At Dr. Folin’s suggestion, purification of tungstates contain- 
ing added chlorides has been accomplished by recrystallization 
with alcohol. Sodium tungstate containing 0.3 per cent NaCl 
was so nearly purified by one recrystallization that the above 
mentioned silver test gave only a faint opalescence, scarcely 
perceptible even by transmitted light—not enough to produce an 
appreciable error. After a second recrystallization no chloride 
whatever could be detected. The following procedure was used: 
To a cooled 50 per cent solution of the contaminated tungstate, 
prepared with the aid of heat, add. slowly an equal volume of 
95 per cent ethyl alcohol and let stand for 10 minutes. Pour 
the suspension of crystals on a Buchner funnel, wash twice with 
alcohol, and dry. 

6. The writer’s attention has very recently been called to the 
method published by Rieger for chloride estimation on tungstic 
acid filtrates.6 Certain features of this article deserve comment. 

(a) The method therein described retains the centrifugalization 
or filtration procedure, which at times causes erroneously high 
results on tungstic acid filtrates, whether or not there is sufficient 
tungstate present to give a precipitate on the addition of an equal 
volume of concentrated nitric acid. Incidentally, the absence of 
such a precipitate does not indicate the absence of tungstate, as 
Rieger has stated, for solutions containing as much as 25 mg. of 
sodium tungstate per 100 cc. may not give a precipitate with 
nitric acid except when heated. 

(b) The article mentioned contains a method for the “ purifica- 
tion of sodium tungstate;” z.e., for the preparation of chloride- 
free tungstate. It.is very difficult to believe that the method so 
designated really accomplishes its purpose, since it calls for the 
use of 7 cc. of 40 per cent sodium hydroxide solution for each 10 
gm. of sodium tungstate taken. Preparations of sodium hydrox- 
ide always contain large amounts of chloride. On the other 


5 Rieger, J. B., The estimation of chlorides in whole blood, J. Lab. and 
Clin. Med., 1920-21, vi, 44. 
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hand, none of the samples of sodium tungstate tested by the 
writer has contained perceptible amounts of chloride. It has 
therefore not been necessary to purify. Certainly “purification” 
should not be attempted by the use of sodium hydroxide. 

(c) Instead of precipitating the plasma proteins before dilu- 
tiongit is preferable to dilute the plasma with distilled water 
before adding the acid, in order to insure an even distribution of 
chlorides between solution and precipitate. 

(d) It is not necessary to wait an hour for protein precipitation. 
5 minutes are sufficient. Time of standing before filtering off 
the precipitated protein causes no appreciable difference in the 
chloride determination, as shown by the following results on the 
same plasma: Stood for 5 minutes before filtering, 3.64 mg. Cl 
per cc.; 15 minutes, 3.68; 30 minutes, 3.68; 1 hour, 3.64; and 3} 
hours, 3.70. 


Soundness of the Method. 


The soundness of the method of chloride determination 
described obviously depends upon the answers to two questions: 

I. Does the titration figure indicate accurately the excess of 
silver nitrate? 

II. Does the amount of silver precipitation so found indicate 
accurately the chlorides of the plasma? 

I. The first of these questions deserves careful attention. 
Many chemists will quite properly be very skeptical on this 
point. Sutton states® ‘In cases where chlorine is precipitated by 
excess of silver, and the excess has to be found by thiocyanate, 
experience has proved that it is absolutely necessary to filter off 
the chloride and titrate the filtrate and washings.” Rosanoff 
and Hill’ have shown that the error is due to the reaction of 
silver chloride with sulfocyanate. Their figures would indicate 
that silver chloride, when shaken in an equimolar water solution 
of ammonium sulfocyanate, reacts so rapidly as to precipitate 43 
per cent of the sulfocyanate in 2 minutes. This occurs because 


6 Sutton, F., Systematic handbook of volumetric analysis, Philadelphia, 
10th edition, 1911, 145. 

7 Rosanoff, M. A., and Hill, A. E., A necessary modification of Volhard’s 
method for the determination of chlorides, J. Am. Chem. Soc., 1907, xxix, 
269. 
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silver chloride is.more soluble than silver sulfocyanate. Harvey® 
has shown, however, that both ferric alum and nitric acid retard 
this reaction. By using nitric acid in a concentration of 5 per 
cent, he obtained practically identical results on known chloride 
solutions and on urines whether or not he filtered off the glver 
chloride. His results, indeed, indicate a slightly greater me ee 
without filtration, but the difference is so small as to be entirely 
without significance (e.g. 0.7052 without filtration and 0.7069 
per cent NaCl with filtration on a known 0.7039 per cent NaCl 
solution). 

The following experiments were designed and carried out to 
test the accuracy of the titration in the presence of silver chloride. 
Since the purpose was to discover if the presence of silver chloride 
influenced the accuracy of the titration, all factors such as tung- 
state which might modify or conceal such an influence, had to be 
excluded. Therefore a pure solution of sodium chloride was sub- 
stituted for the blood filtrate. A 0.1 N solution was prepared by 
dissolving in distilled water 0.5846 gm. of recrystallized, thor- 
oughly dried sodium chloride, and making up to 100 cc. in an 
accurately calibrated flask. Then 1 cc. of this solution and 9 ce. 
of water were used instead of 10 ce. of blood filtrate, but all the 
subsequent details were followed as specified under the heading 
“Procedure.” Eleven determinations were made in this manner. 
The chlorine content of 1 cc. of 0.1 m NaCl solution, as deter- 
mined by these experiments, was: 3.55; 3.52; 3.56; 3.56; 3.54; 
3.08; 3.56; 3.55; 3.56; 3.55; and 3.54 mg. The average was 
3.547, compared to a theoretical value of 3.546 mg. The highest 
and lowest deviations were 0.7 and —0.3 per cent. The presence 
of silver chloride during the titration had therefore produced no 
error. 

Similarly the chlorine content of 4 cc. of 0.1 m NaCl solution, 
_as determined in the same manner (which of course necessitated 
the use of 3 ec. of m/7.092 AgNO; solution instead of 5 ce. of 
M/35.46) in three such experiments, was found to be 14.28, 14.23, 
and 14.30 mg., compared to the theoretical value of 14.2 mg. 
Here also the presence of chloride produced no error in titration. 

As a final crucial test, another determination was made on 1 cc. 


8 Harvey, S. C., The quantitative determination of the chlorids in the 
urine, Arch. Int. Med., 1910, vi, 12. 
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of 0.1 m NaCl solution, but with this difference, that the mixture 
containing silver chloride’was centrifugalized and an aliquot por- 
tion of the water-clear supernatant liquid taken for titration. 
The whole mixture measured 15 cc. and the titration of 10 ce. of 
the gpretmatant liquid required 0.97 cc. of M/35.46 KCNS solu- 
tion. Since 5 — 3 (0.97) = 3.55, it is evident that the method 
of titration gives the same result whether or not the silver chlo- 
ride is removed. 

The essential part of the procedure is the use ‘of nitric acid, 
and the principle is a physical one—the flocking out of the silver 
chloride, with the consequent reduction of the surface exposed 
for reaction with the sulfocyanate. It is for this purpose that so 
large an amount of nitric acid is used, approximately 25 per cent 
of the volume of the mixture in which the titration is carried out. 

Much higher concentrations of nitric acid should not be used, 
as the sulfocyanate is decomposed by them quite rapidly. To 
determine if such decomposition played an important part in the 
disappearance of the end-point, a small drop (0.03 cc.) of the 
M/35.46 KCNS solution was added to each of two dishes, one 
containing 10 cc. of 30 per cent nitric acid, and the other 10 ce. 
of 15 per cent nitric acid, and each containing about 0.3 gm. of 
ferric alum. The red color persisted in the -first mixture for 
15 minutes, in the second it was still present at the end of 15 
hours. It is evident, therefore, that under the conditions which 
may occur in using this method, the decomposition of sulfo- 
cyanate by nitric acid is not rapid enough to — the accuracy 
of the titration. 

In accordance with the geometrical principle that volumes 
vary as the cubes of a dimension, whereas surfaces vary as the 
squares, the surface of the silver chloride, when flocked out, is so 
small that the reaction with ferric sulfocyanate, although prob- 
ably still going on, is negligible. (The color due to 0.03 ce. of the 
M/35.46 KCNS solution persisted for 19 hours in the presence of 
such curds of silver chloride.) But the small amount of silver 
chloride which in spite of the nitric acid remains in fine suspen- 
sion, has a larger aggregate surface and therefore reacts much 
more rapidly with the sulfocyanate. 

Herein lies the explanation of the phenomena observed when 
KCNS is added to the mixture containing silver nitrate, silver 


=> 


fe. 
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chloride, ferric alum, and nitric acid. The red color which 
appears with each drop disappears in about 3 seconds, because 
the ferric sulfocyanate reacts with the solution of AgNO3. But °. 
when all the silver present as AgNO; has been precipitated, the 
red color which appears when the next drop is added persists 
about 30 seconds (from 10 seconds to 1 minute, depending upon 
how much of the drop was really excess, and upon the thorough- 
ness of the flocking out of AgCl). Its disappearance is due to 
the reaction between the sulfocyanate and the very finest of the 
suspended particles of silver chloride. If another drop is added, 
the color will persist several minutes, for the sulfocyanate must 
then react with silver chloride particles of larger size and smaller 
ageregate surface. If still another drop is added the color will 
persist from 15 minutes to an hour or more (even for 19 hours), 


TABLE II. 


Persistence of color (Fe(CNS)s). 


Centrifuge 


time. Excess drops of KCNS solution. 
: End-point. 
First. Second. Third. 
min 
None. 40 sec. 4 min. 15 min. More than 1 hr. 

1 CG) DAR se More than 1 hr. 
6 75 “ce 23 “cc “ “cc 1 “cc 

40 30 min. | More than 1 hr. 


for the fine suspension of silver chloride has all been used up, and 
the aggregate surface left for reaction is very small. 

The influence of the silver chloride particles of different sizes 
can be demonstrated by fractional centrifugalization, as in the 
experiments given in Table II. 

In addition to the action of nitric acid in flocking out the chlo- 
ride, the abundance of ferric alum used also retards the reaction 
between silver chloride and sulfoeyanate by reducing the ioniza- 
tion of the latter. This also deepens the end-point color by pre- 
venting the ionization of the red salt, Fe(CNS)3, into yellow 
Fe*** ions and colorless CNS” ions. 

II. There remains the second question: ‘Does the amount of 
silver precipitation, as found by titration of the excess, indicate 
accurately the chlorides of the plasma?” 
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Mixtures of tungstic acid and chloride bring down more silver 
than can be accounted for by the chloride alone. This additional 
_ precipitation of silver has been found by centrifugalization and 
titration of the supernatant fluid. Errors as large as 4 per cent 
were obtained in this way. Similar errors sometimes occurred 
when centrifugalization was introduced into the chloride deter- 
mination of tungstic acid filtrates. The amount of error which 
may so occur is not always proportional to the amount of tungstic 
acid present, and so appears to be more probably dependent 
upon physical than upon chemical reactions. 

This possibility of error is, however, entirely avoided in the 
method described, by carrying on the titration in the presence of 
the precipitate, when all the silver which has not been truly 
precipitated by chloride is available for titration. Determina- 
tions of the same 0.1 m NaCl solution gave practically identical 
results whether determined directly or after the addition of equal 
volumes of 10 per cent sodium tungstate solution and 2 N sulfuric 
acid; for example, with tungstate, 3.53, 3.54, and 3.54 mg. of Cl 
per ce., and without tungstate, 3.547 as the average of eleven 
determinations. 

The evidence given above has been presented in order to 
demonstrate that the method is free from error at the two points 
which seemed, a priori, the most probable sources; namely, the 
presence of tungstic acid at the time silver chloride is precipitated, 
and the presence of silver chloride at the time of titration. 


Checks. 


The final test of the accuracy of the method consists of course 
in its comparison with methods of known accuracy. The check 
determinations are given in Table ITI. 

These check determinations indicate the essential accuracy of 
the method described. In order to determine the limit of error, 
seventeen duplicate determinations, involving nine separate pre- 
cipitations with tungstic acid, were made on the same plasma, 
with the following results: 3.56; 3.51; 3.52; 3.54; 3.50; 3.55; 3.57; 
3.54; 3.48; 3.49; 3.52; 3.50; 3.52; 3.53; 3.56; 3.54; 3.55 mg. of Cl 
per ce. The digestion method of von Kordnyi showed 3.53 mg. of 
Cl per ce. The average by the method described is 3.528. The 


Specimen. - 


Whole blood. M. 


Plasma. M. 
Whole blood. 
Wh. 

Plasma. Wh. 
Plasma I. 

“Laan Ul be 

PS pues 

TAN. 

“ce V. 

ca VIL, 

comme ail. 

ae VDD 

“ EX 


Whole blood I. 
Ascitiec fluid I. 
“ec “ ie 


Plasma X, 
eX. 
ee XSLT. 
td al IG 
TV: 
(diluted). 
Plasma XV. 


AVOTAPE oo. 2 is: 


J. C. Whitehorn 


TABLE III. 


Method described. 


Cl per ce. | NaCl 
mg. per cent 
2.88 0.473 
2.88 0.473 
3.69 0.608 
3.71 0.612 
3.06 0.503 
3.84 0.633 
3.16 0.619 
3.78 0.623 
Siai 5) 0.618 
3.74 0.617 
3.68 — 0.606 
3.80 0.626 
3.52 0.580 
3.80 0.626 
oon 0.582 
3.24 0.535 
4.10 0.676 
3.78 0.623 
onto 0.619 
3.38 0.558 
3.64 0.600 
3.70 0.610 
2.84 0.467 
3.86 0.637 

Pr leea cesist seat eroke 0.5885 
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per cent 


Foster.* 
0.481 
0.479 
0.619 
0.617 


0.504 
0.635 


0.6331 
0.618f 
0.609t 
0.606t 
von Kordanyi.§ 
0.603 
0.619 
0.584 
0.631 
0.582 
0.542 
0.677 
(.625 
Bell and Doisy.| 
0.614t 
0.567f 
0.596f 
0.605t 


0.465t 
0.641t 


0.5896 


NaCl checked by method of 


McLean-Van Slyke.t 


* Foster, G. L., A modification of the McLean-Van Slyke method for the 
determination of chlorides in blood, J. Biol. Chem., 1917, xxxi, 483. 
lowance for end-point has been made, as introduced by Van Slyke and 
Donleavy (Van Slyke, D. D., and Donleavy, J. J., J. Biol. Chem., 1919, 


XXXVli, 551). 


(Al- 


{| McLean, F. C., and Van Slyke, D. D., A method for the determination 
of chlorides in small amounts of body fluids, J. Biol. Chem., 1915, xxi, 361. 
t J am indebted to Mr. L. M. Smith for these determinations. 
§ von Kordnyi, A., Physiologische und klinische Untersuchungen iiber 
den osmotischen Druck thierischer Fliissigkeiten, Z. klin. Med., 1897, 


SEK, 1. 


|| Bell, R. D., and Doisy, E. A., J. Biol. Chem., 1920-21, xlv, 427. 
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greatest deviations are —1.3 and +1.2 per cent. The limit of 
error with careful technique must therefore be less than 1.5 per 
cent. 


SUMMARY. 


1. A simple and rapid method is described for the determina- 
tion of blood and plasma chlorides. , 

2. The same reagents as are used for the determination of 
urine chlorides are employed. : 

3. The method is especially adapted to the system of blood 
analysis developed by Folin and Wu. 

4, The limit of error is less than 1.5 per cent. 


The writer is indebted to Professor Otto Folin for encourage- 
ment in this work, and to Mr. L. M. Smith for assistance in 
checking determinations. 


THE DETERMINATION OF CHLORIDES IN BLOOD 
PLASMA. 


By J. HAROLD AUSTIN ann DONALD D. VAN SLYKE. 
(From the Hospital of The Rockefeller Institute for Medical Research.) 


(Received for publication, December 6, 1920.) 


Van Slyke and Donleavy (1919) have published a method for 
the determination of chlorides in blood plasma, in which both 
proteins and Cl are precipitated together by a solution containing 
picric acid, nitric acid, and standard silver nitrate. The excess 
silver was titrated in the filtrate by the iodometric method of 
McLean and Van Slyke (1915). The results in a series of 
normal human plasmas were identical with those obtained by the 
method of McLean and Van Slyke, which involved two succes- 
sive precipitations and filtrations; one of the proteins, the other 
of the silver chloride. It seemed, therefore, that the Van Slyke- 
Donleavy method, which involved only one precipitation and 
filtration, constituted a desirable simplification in the technique 
for determining plasma chlorides, although it was found still 
necessary to use the double precipitation for chlorides in whole 
blood (Austin and Van Slyke, 1920). 

We have in the meantime tested the single precipitation method 
on plasmas from pathological cases by comparing the results with 
those of the double precipitation method used by Austin and 
Van Slyke on whole blood, and with those of the total chlorine 
determination by the Carius method (Table I). In the double 
precipitation method the preliminary precipitation of the proteins 
was performed as described by Austin and Van Slyke, except that 
for 3 cc. of plasma only 10 cc. of picric acid solution are used, 
instead of the 30 cc. used for 3 cc. of whole blood. The larger 
amount of picric acid is not needed for plasma, and if employed 
may result later, when nitric is added, in an undesirable separa- 
tion of picric acid crystals. The Carius determination was 
carried out as described by Austin and Van Slyke. 
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Appearance of 


oxalate plasma. 


Plasma Chlorides 


TABLE I. 


Condition of donor. 


Amber. 


Creamy 
opaque. 


Clear. 


Normal. 


Nephritic. 


Cardiac. 


Nephritic. 


Osteomyelitis. 


Arteriosclerosis. 


Chloride, calculated as NaCl, per liter 
of plasma. 


Carius 
method. 


Separate 
determi- 
nations 


Double pre- 
cipitation 
method. 


Separate 
determi- 
nations. 


Single pre- 
cipitation 
method. 


Separate 
determi- 
nations. 


6.27 


6.11 


6.07 


5.90 


5.73 


6.07 


6.24 


6.03 


5.95 


5.98 


5.70 


6.01 


6.14 


6.08 


5.87 


6.13 
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CONCLUSIONS. 


We have encountered plasma specimens from hospital patients 
in which the single precipitation gave results indicating a higher 
chloride content than that obtained when a preliminary removal 
of the proteins was performed. When such disagreement occurred, 
the results by the Carius method confirmed those by the double 
precipitation method of Austin and Van Slyke. 

Since the factors which interfere with the single precipitation 
method in pathological plasmas are not known, it is desirable in 
all plasmas, both normal and pathological, to remove the pro- 
teins by a preliminary precipitation, as in the Austin-Van Slyke 
method for whole blood, before the chlorides are precipitated with 
standard silver nitrate. 


BIBLIOGRAPHY. 


Austin, J. H., and Van Slyke, D. D., J. Biol. Chem., 1920, xli, 345. 

McLean, F. C., and Van Slyke, D. D., J. Am. Chem. Soc., 1915, xxxvii, 
1128; J. Biol. Chem., 1915, xxi, 361. 
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AN IMPROVED APPARATUS FOR USE IN FOLIN AND 


WU’S METHOD FOR THE ESTIMATION OF 
UREA IN BLOOD. 


By THOMAS WATSON anp H. L. WHITE. 


(From the College of Physicians and Surgeons, Medical School, University 
of Southern California, Los Angeles.) 


(Received for publication, December 21, 1920.) 


In carrying out many determinations of urea in blood by the 
method of Folin and Wu! we encountered much difficulty in pre- 
venting frothing while distilling over the ammonia. Many of 
the usual antifoaming mixtures were tried with little success. 

The apparatus described below was devised to overcome this 
difficulty and has been found to prevent entirely any liquid being 
carried over as froth into the receiving tube. 

A glass tube with a bulb in the center (a 25 cc. pipette) is bent 
as shown in Fig. 1. A number of small holes are blown in the 
side, and a constriction is made at the end, of the tube from which 
distillation proceeds. 

The large bubbles of foam, in passing through the numerous 
small holes, are broken up and the bulb in the tube further safe- 
guards any possibility of liquid being carried over into the receiver. 

This apparatus, somewhat enlarged, makes a perfect substitute 
for the distilling bulb used in the ordinary Kjeldahl determination 
of nitrogen. 


1Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 
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Fig. 1. Apparatus for use in urea determinations by the method of 


Folin and Wu. 


THE CHEMICAL STRUCTURE OF CHONDRIDIN.* 


By P. A. LEVENE anp J. LOPEZ-SUAREZ. 
(From the Laboratories of The Rockefeller institute for Medical Research.) 


(Received for publication, December 31, 1920.) 


Hebting,! working in Hofmeister’s laboratory, has obtained on 
hydrolysis of chondroitin sulfuric acid a crystalline product which 
he named chondridin. Hebting recognized that the substance 
was related to chondrosin, but found that it differed from the 
latter in its elementary composition and its capacity to crystallize. 

The structural representation of chondroitin sulfuric acid as 
formulated by Schmiedeberg, and later by Levene and La Forge, 
admits in the organic radical of the molecule the presence of only 
one derivative of chondrosin; namely, of its acetyl derivative. It 
therefore seemed probable that chondridin was not a primary 
decomposition product, but one formed from chondrosin through 
manipulation. This hypothesis was borne out by the present 
investigation. Hebting has found that the composition of chon- 
dridin differed from chondrosin by the presence in the molecule 
of a surplus of hydrogen and oxygen equivalent to 1 molecule of 
water. 

A simple explanation of this difference may be given by assum- 
ing that chondridin consists of unchanged chondrosin containing 
a molecule of crystal water. On the other hand this assumption 
was scarcely adequate to explain the great difference in the 
capacity for crystallization of the two substances. More ade- 
quate seemed the assumption that chondridin was a lactone of 
chondrosin, crystallizing with crystal water. The substance 


*T regret that the article of Schmiedeberg (Schmiedeberg, O., Arch. 
exp. Path. u. Pharmakol., 1920, lxxxvii, 47) had escaped my attention until 
after this work was prepared for publication. The present communica- 
tion incidentally contains an answer to his criticism on my theory of the 
place of linkage of chondrosamine and of glucuronic acid. Other criti- 
‘cisms of Professor Schmiedeberg have been met in previous publications. 
—P. A. L. 

1 Hebting, J.. Biochem. Z., 1914, |xili, 353. 
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analyzed by Hebting apparently contained 2 molecules of crystal 
water. The samples analyzed by us seemed to contain 24 mole- 
cules. The graphic representation of the anhydrous substance 


would then be as follows: 
H C OH 


HC 8) 
| NH HH OF 
H =—C =~ C— ¢ ] Cia 
H 


H H 


* Allocation of NH: arbitrary, : ars 
The elementary composition of this substance containing 24 


molecules of crystal water 1s CyHigNOio + 23 HO. 

The experimental evidence to be reported in this communica- 
tion seems to support the second hypothesis. 

The lactone structure of the substance was suggested by the 
method of preparation and was confirmed by the result of the 
titration of the aqueous solution with alkali. When to a cold 
solution of the substance 0.1 N alkali is added rapidly, the solu- 
tion reacts neutral after the addition of 1 drop of the alkali 
(alizarin being used as indicator). When to the aqueous solution 
of the substance the alkali was added in excess, and when the 
alkaline solution was titrated back after standing 18 hours, it 
was found that 0.1000 gm. of the substance neutralized 2.55 ce. 
of 0.1 N alkali. On this basis the molecular weight is calculated 
to 382, while the theory for Ci:HisNO1o + 23 H2O is 392. Thus, 
of the two assumptions that of the lactone structure of the sub- 
stance seems the more acceptable. 

The substance reduces Fehling’s solution, has its primary 
amino group unsubstituted, and yields a quantity of furfurol 
which approximates the one required by theory for chondrosin. 

The air-dry substance on drying under diminished pressure at 
the temperature of water vapor loses 13 molecules of crystal 
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water. If the lactone structure of the substance is correct one 
has to accept that under the given conditions of drying the result- 
ing substance still retains 1 molecule of crystal water. 


EXPERIMENTAL PART. 


The mode of preparation of the substance differed in its details 
from that of Hebting. The analytical data published by this 
author for chondridin seemed to agree with those required by 
theory for chondrosin oxalate. At the outset of the work it was 
planned to test this possibility. Chondrosin chlorohydrate was 
prepared following the conditions employed in the earlier work 
by Levene and La Forge. The chondrosin chlorohydrate obtained 
in this manner was freed from hydrochloric acid. To the aqueous 
solution of chondrosin a slight excess over one equivalent of oxalic 
acid was added and to the solution alcohol was added to opal- 
escence. On standing there was no evidence of crystallization. 
However, when the solution was allowed to stand on a boiling 
water bath for an hour prior to the addition of alcohol, crystal- 
lization did take place. Alcohol was added to marked opal- 
escence and the solution was allowed to remain on the water 
bath until it clarified. On scratching along the walls of the 
beaker a crystalline deposit soon began to form. The  sub- 
stance was recrystallized by dissolving in hot water, adding to 
the aqueous solution 99.5 per cent alcohol to opalescence, and 
boiling the solution until it clarified. After three or four recrys- 
tallizations the substance contained only traces of mineral 
impurities. 

In later experiments the preparation of the substance was 
somewhat simplified; namely, no attempt was made to isolate 
the chondrosin hydrochloride before the digestion with oxalic 
acid. The procedure was as follows. Portions of 50.0 gm. of 
the barium salt of chondroitin sulfuric acid were hydrolyzed by 
heating for 1 hour on the water bath in a solution of 150 cc. of 
20 per cent hydrochloric acid. From the product of reaction . 
barium and hydrochloric acid.were removed and the solution was 
concentrated to a small volume under diminished pressure. The 
subsequent treatment was as above described. 
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Properties of the Substance-—The lactone is a white crystalline 
powder. It does not melt, but contracts and turns dark at 200°C. 
The analysis of the substance was as follows: 


1. 0.1176 gm. of the substance (No. 43) dried to constant weight at the 
temperature of water vapor and under diminished pressure lost 0.0078 gm. 

2. 0.1130 gm. of another sample (No. 81) under the same conditions lost 
0.0075 gm. 


Calculated 
for CizH2NOiu + 13 H20. Found. 
per cent ‘ per cent 
LE Oe Soe . GSBe oc COM ae 3 SRG 8c 120 6.63 


1. 0.1098 gm. of the above substance gave on combustion 0.1626 gm. of 
CO, and 0.0580 gm. of H,0. 

0.1867 gm. of the substance used for Kjeldahl nitrogen estimation 
required for neutralization 5.3 cc. of 0.1 N acid. 

For the amino estimation 0.050 gm. of the substance was dissolved in 
5 ec. of water. 

2 cc. of the solution in the Van Slyke micro apparatus gave 1.36 ec. of 
nitrogen gas at 7 = 20°C. and P = 764 mm. 

2. 0.1055 gm. of the substance gave 0.1564 gm. of CO, and 0.0568 gm. of 


H,0. 
Calculated Found. 


or CeHisNOiw+ H20. * No.1. No. 2. 

per cent per cent per cent 

IP) tM SL ORLBBCS)  < MNBN Re eat 40.54 40.43 40.11 
Beste. S20) Pe eae. Sea 5.96 5.98 5.92 
IN Qgeees.. scapes 2cieae 3.94 3.97 
INET IN: «sh ction. Glee 3.94 3.89 


The rotation of the air-dry substance was as follows: 


20 + 0.97 X 100 


[a]; = ce = + 60.6° 


Titration of the Substance with Alkali.—0.1000 gm. of the sub- 
stance was dissolved in 25 cc. of water and titrated with 0.1 Nn 
sodium hydroxide. Alizarin was used as indicator. After the 
addition of the first drop the solution reacted neutral. 0.1000 
em. of the substance was dissolved in 25 cc. of water. 15 ce. of 
0.1 n alkali were added and the solution was allowed to stand 
over night. It required 12.45 cc. of 0.1 N acid to titrate the solu- 
tion to neutral. 

for Cubano 23 H2O. Found. 
Molecular weight 2... 0.25. eee 382.17 392 
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Furfurol Estimation.—0.2000 gm. of the substance was distilled 
in the usual way with hydrochloric acid having a specific gravity 
of 1.06. The yield of the phloroglucide was 0.0248, which corre- 
sponds to 0.00744 gm. of glucuronic acid. 


Calculated 
for Ci2HigNO10+ 23 H20. Found. 
per cent per cent 
(Glimeunrorane toil 64-4 6 Hae os Gem oc Je 50.77 Bi 


Taking into consideration the limit of error of the method the 
result is not unsatisfactory. 
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SULFOCYANATE CONTENT OF THE SALIVA AND URINE 
IN PELLAGRA. 


By M. X. SULLIVAN anp PAUL R. DAWSON. 


(From the Pellagra Hospital, United States Public Health Service, 
Spartanburg.) 


(Received for publication, December 27, 1920.) 


I. The Sulfocyanate Content of the Saliva. 


In previous work on the saliva of -pellagra patients! at the 
United States Pellagra Hospital, Spartanburg, South Carolina, 
it was found that the sulfocyanate reaction with ferric chloride 
and dilute hydrochloric acid was much less marked for the salivas 
of the pellagra patients than for normal people. 

_ Subsequent to the general survey of the saliva and the testing 
of the saliva with ferric chloride, Sullivan and Jones, using the 
very accurate Rupp-Schied? method, improved by Thiel? made 
quantitative estimations of the sulfocyanate content of the saliva 
of seven patients who were somewhat improved as regards gen- 
eral physical condition and extent of erythema and dermatitis. 
The sulfocyanate content of the saliva of these seven cases esti- 
mated as KSCN varied from 8 to 25.8 parts per million with an 
average of 18.6 parts per million. These quantitative findings 
were utilized by Sullivan and Jones as a basis for the conclusion* 
that the sulfocyanate content of patients, even in a convalescing 
stage, was less than normal. 

In 1919 the study of the sulfocyanate content of the saliva of 
pellagra patients was again taken up. The type of case admitted 
to the hospital in 1919, however, was somewhat different from 
those of 1917. In 1917 the patients admitted were rather marked 


1 Sullivan, M. X., and Jones, K. K., Public Health Rep., U.S. P. H., 
1919, xxxiv, 1068. 
? Rupp, E., and Schied, A., Ber. chem. Ges., 1902, xxxv, 2191. 
3 Thiel, A., Ber. chem. Ges., 1902, xxxv, 2766. 
4 Sullivan and Jones,! p. 1076, foot-note 5. 
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cases of pellagra on the whole, while in 1919 the cases were of a 
milder type and in better physical condition. The difference in 
the two sets of patients held for the saliva. Thus in 1917, out of 
40 cases tested in the hospital, the saliva of 32 gave no perceptible 
pink or red color with ferric chloride with or without the addition 
of hydrochloric acid, while in 1919, of 66 cases so tested, 47 were 
faintly or strongly positive. Thus, crude as the ferric chloride 
test admittedly is, it showed difference between the salivas of 
the 1917 patients and of the 1919 patients. 


Two quantitative methods had been tested in the laboratory. Munk’s® 
gravimetric method and the Rupp and Schied? method improved by Thiel.® 
In the Munk method, the sulfocyanate is precipitated by silver nitrate in 
the presence of dilute nitric acid and the silver precipitate melted with 
sodium carbonate and potassium nitrate to convert the sulfur of the sulfo- 
cyanate to sulfate. From the sulfur in the sulfate precipitated by barium 
chloride the sulfocyanate is calculated. The Rupp and Schied method 
improved by Thiel is an iodometric method. 

The method is based on the fact that sulfocyanate in the presence of 
excess of bicarbonate decolorizes large amounts of iodine solution as illus- 
trated by the following equation. 


KSCN + 41,+ 4H;0 = H.SO,+.6 HI + KI + CNI 


The process is completed in the course of 4 hours at ordinary temperature. 
Then with careful acidification with hydrochloric acid* hydriodie acid is 
liberated and the cyanogen iodide decomposed. 


HI + CNI + HCN =I, 
The entire process can be expressed as follows: 
KSCN + 31,+ 4H.0O = H.SO.+ 5 HI + KI + HCN 


1 molecule of sulfocyanate is thus equivalent to 6 atoms of iodine as iodide. 

The Rupp-Schied-Thiel method, which was found very satisfactory by 
Gies and his collaborators® in their extensive study of sulfocyanate in the 
mammalian body, was preferred by us to the Munk method. For the 
saliva work done at the hospital the procedure is given below. 

After thoroughly rinsing the mouth with water the saliva was collected 
under the stimulus of chewing white paraffine wax. Obviously, it was 
not possible to get 24 hour samples of saliva so a sample collected for a 
definite length of time, in most cases 30 minutes, was used for comparison. 
This sample was collected between 10 and 11 a.m. or approximately 13 
hours before the noon meal. The samples collected shortly after the pa- 


* Munk, I., Virchows Arch. ges. Physiol., 1877, \xix, 350. 
6 Gies, W. J., and Kahn, M., Dental Cosmos, 1913, lv, 40; Gies, W. J., 
Lieb, C. C., and Kahn, M., Dental Cosmos, 1914, lvi, 175. 
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tient’s entrance to the hospital and shortly before discharge were com- 
pared. The saliva was expectorated into a beaker, while the subject 
directed his entire attention to the collection of saliva. 

- The specimens thus obtained were carefully measured, ranging in volume 
from 10 to 100 cc., and transferred to suitably sized Erlenmeyer flasks. 
The mucin was precipitated by treatment with 1 per cent acetic acid and 
moderate heating on a hot plate; and the coagulated matter, as well as 
any other solid material present, was removed by filtering through folded 
filters. It was discovered that salivas vary widely in the ease with which 
this precipitation is effected and in some cases filtration was rendered 
difficult through plugging of the filter with colloidal matter. The residue 
and filters were thoroughly washed with warm water to remove any traces 
of —CNS that might be retained thereon; and the combined filtrates and 
washings were transferred to 200 cc. volumetric flasks and made up to 
volume. In later work it was found advisable to add a little 95 per cent 
alcohol to these preparations before making up to volume. The addition 
of a small amount of alcohol in no way interfered with the subsequent 
determinations and prevented the development of microorganisms, in 
case the material was to stand any length of time before analysis, and aided 
in preventing the development of colloidal precipitates when treated with 
silver nitrate in the next stage of the process. 

Of the 200 ce. preparations, definite quantities, in most cases 75 cc., 
were measured with a pipette into moderate sized beakers for duplicate 
determinations. The material was acidified with dilute HNO; and the 
—CNS precipitated as the silver salt by addition of an excess of AgNOs. 
Owing to the already great dilution, it was found more satisfactory to 
add the AgNO; in the form of a concentrated solution, approximately 25 
per cent, drop by drop, accompanied by thorough agitation with a glass 
rod, until a slight excess was reached, instead of using the dilute 3 per cent 
solution generally employed with other types of material. To facilitate 
sedimentation a small amount of infusorial earth (previously calcined, 
washed in HNOs, and dried) was added, thoroughly stirred in, and the 
solution placed upon a boiling water bath for about 10 minutes. Filtration 
was effected by means of suction through an ordinary filter paper on a 
platinum cone. The filtrate should be perfectly clear. If not, and this 
frequently occurred, it was passed through the filter again after the addi- 
tion of another small amount of infusorial earth, the process being repeated 
until an absolutely clear filtrate was obtained. At this stage in the process 
some salivas gave a good deal of trouble on account of the formation of 
colloidal precipitates after the addition of AgNO;, making them difficult 
or practically impossible to filter. However, with few exceptions, it was 
found that repeated passing through the filter and liberal use of infusorial 
earth would result in complete separation of the material. The contents 
of the beaker were thoroughly washed out into the filter, using a rubber 
‘‘policeman,’’ and the precipitate on the filter was likewise thoroughly 
washed with 1 per cent HNOs. 
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The filter and precipitate were then transferred to a wide necked Erlen- 
meyer flask of 1 liter capacity, 3 gm. of NaHCOs, 3 gm. of KI, and a little 
water added, and the whole was stirred until the filter paper was com- 
pletely disintegrated. In practice it was found more convenient to employ 
solutions of KI and NaHCO; and add volumes of each sufficient to provide 
the equivalent of 3 gm. in each case. The KI is added to convert any 
chlorides present to iodides and thus prevent reaction with the standard 
iodine solution added later; 3 gm. were found more than sufficient for the 
quantities encountered in this work. 

To the mixture was now added, quantitatively, standard iodine solu- 
tion until the brown color persisted after several minutes gentle agitation. 
A standardized iodine solution of 0.05 n strength was used and 10 ce. of 
this, measured out with a calibrated pipette, were found to be sufficient 
to provide excess in any of the material worked with. The advantage of 
adding a uniform quantity, eliminating difficult burette readings, is obvi- 
ous. The flask was now stoppered tightly with a paraffined cork and set 
away in a dark place at room temperature for a period of 4 or 5 hours, which 
is sufficient time for completion of the reaction at ordinary temperature. 

At the expiration of this time the mixture was acidified with 10 per cent 
HCl, using caution to avoid too rapid evolution of COz and hence risk loss 
of volatile iodine; a few cc. of dilute starch paste (about 3 per cent) were 
added; and the excess of iodine was titrated with a standard 0.05 n sodium 
thiosulfate solution. The difference between the amount of 0.05 n iodine 
originally added and the excess thus determined represents the iodine 
which has reacted with the —CNS. Since, as shown previously, 1 molecule 
of —CNS corresponds to 6 atoms of iodine under such conditions, 1 ec. of 
0.05 n iodine corresponds to 0.81015 mg. of —CNS, expressed as KCNS, or. 
1 cc. of 0.1 nw iodine corresponds to 1.6203 mg. of KCNS. Likewise the 
number of cc. of iodine reacted multiplied by the factor 0.81015 for 0.05 n 
or 1.6203 for 0.1 n will give the quantity of —CNS expressed in mg. of 
KCNS. 


It was found that this method, carried out as just described, 
gave uniformly accurate results even with the small quantities of 
material sometimes available for analysis and with the small 
concentration of —CNS in many samples, provided proper pre- 
cautions were taken to insure absolutely correct standardization 
of solutions and to correct for marked changes in temperature or 
other conditions. Determinations made upon a pure solution of 
KCNS of known strength comparable to the quantity of sulfo- 
cyanate calculated as KSCN in the saliva, gave results with an 
error of less than 1 per cent. 

Though it has not been proved that the sulfocyanate exists in 
the body as a potassium salt, in our work it is always computed 
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as KSCN. The results with the saliva of the Pellagra Hospital 
patients are given in Tables I and II. In Table I the results 


TABLE I. 
Sulfocyanate Content of Saliva Collected in 30 Min. 


Status of pellagra at time of testing. 
« 


Active. Convalescent. Normal. 

Case No. KSCN Case No. KSCN Case No. KSCN 
1919 mg. mg. mg. 
579 0.88 555 1.41 1 1.82 
586 3.53 556 1.55 2 1.95 

OF 0.50 557 0.69 3 2.43 

ial 1.05 563 2.20 4 1.35 

12 1.67 567 4.36 5 1.37 
1163) 1.01 Hie 1.24 
16 2.67 577 1.36 
19 0.49 582 3.70 
20 0.63 586 8.18 
21 1.90 ili 4.79 
22 0.61 12 4.36 
23 1.07 NS 11 835) 
24 0.89 16 3.66 
26 1.61 19 25 
28 1.80 20 0.90 
29 1.28 PA | Dells 
30 1.36 DD, 1.61 
31 1.89 23 1.47 
32 D2 24 2.24 
SB 0.39 26 2.56 
34 1.04 28 1.08 
29 1528 
30 5.14 
31 35.07? 
32 Bots 
33 0.93 

Average .. 1.36 PASS 1.78 


* A new series of case numbers was started July 1. 


from all patients tested are given. In Table II only those cases 
where the saliva was tested within a few days after admission 
and also within a few days of their discharge are presented. 
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With the exception of Case 28, which gives a lower value for 
the sulfocyanate content of the saliva at discharge than at 
entrance, and Case 29 with the same sulfocyanate content at 
entrance and at discharge, the sulfocyanate content of the saliva 
is lower at entrance than at discharge from the hospital. 

Table II shows that the increase of the sulfocyanate is not 
proportional to the increase in volume of saliva. Thus in three 


TABLE II. 


Comparison of K S C N in Saliva at Admission and at Discharge. 


First test. Last test. 
Case No. KSCN KSCN 
Noume |.KSON | peragbes,| Volume | .KSON | Jos 
cc. mg. mg. ce. mg. mg. 

586 35 3.08 10.09 66 8.18 12.40 
11 54 1.05 1.94 95 4.79 5.04 
12 36 1.67 4.64 54 4.36 8.07 
15 50 OH 2.02 50 - 135 2iaO 
16 84 PAN GY 3.18 87 3.66 4.21 
19 49 0.49 1.00 55 1.25 2.21 
20 40 0.63 1.58 59 0.90 dass 
PAL 60 1.90 je L7/ 38 2.13 5.61 
22 48 0.61 Ff 62 1.61 2.60 
23 fal 1.07 Veal 70 1.47 2.10 
24 55 0.89 1.62 49 2.24 4.57 
26 48 1.61 3.35 55 2.56 4 65 
28 60 1.80 3.00 47 1.08 2.30 
29 25 1.28 56, 51 1.28 Zool 
30 24 1.36 5.67 65 5.14 7.91 
31 21 1.89 9.00 39 3.02 8.53 
32 53 2.21 4.17 78 Seon, 4.58 
33 45 0.39 0.87 39 0.93 2.38 
Average..... 47.7 1.45 3) bl 58.8 Dit 4.66 


cases (Nos. 15, 16, and 23) the volume is the same while the 
KSCN content is increased. In three other cases (Nos. 21, 24, 
and 33) the volume is»decreased while the KSCN is increased. 
For Case 28 there is at discharge a decrease both in volume of 
the saliva collected in 30 minutes and in the sulfocyanate content 
thereof. Case 29 has an increase in volume at discharge with no 
variation in the sulfoeyanate content. In ten cases there is an 
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increase in both the volume and the KSCN content of the saliva 
of the patients about to be discharged as compared with the 
saliva at entrance, but the increase in the KSCN content is pro- 
portionately very much greater. Thus the average volume of 
these ten cases (Nos. 586, 11, 12, 19, 20, 22, 26, 30, 31, and 32) 
is 40.8 cc. at entrance and 62.8 cc. at discharge, while the corre- 
sponding content of KSCN is 1.51 and 3.57 mg. The same con- 
clusion holds for the saliva as a whole; namely, that the sulfo- 
cyanate is increased at discharge to a much greater degree than 
the volume. 

Calculated on the basis of 100 ce. of saliva, the sulfocyanate is 
higher at discharge than at entrance in fifteen of the eighteen 
cases given in Table IJ. For Case 20 the sulfocyanate calculated 
to 100 ce. is slightly lower at discharge than at entrance, while 
for Cases 28 and 29 it is distinctly lower. Still, as a rule, the per- 
centage of sulfocyanate in the saliva is higher at discharge than | 
at entrance to the hospital. 

The sulfocyanate content of the saliva as given in the [ineree 
ture is rather variable, due, perhaps, to different methods. Munké 
using his own method found the saliva of man to contain 0.014 
per cent of NaSCN. (0.0167 per cent KSCN); Bruylants’ found a 
trace to 0.0698 gm. of HSCN per liter, with an average for forty- 
five cases of 0.0374 gm. of HSCN (or the equivalent of 0.0062 per 
cent of KSCN). Kriiger® using Munk’s method found 0.0072 
per cent of KSCN in the saliva; Mayer® using the Rupp-Schied- 
Thiel method found 0.0003 per cent of KSCN in the saliva; while 
Gies and Kahn,® using the same method, found 12.8 mg. of 
KSCN in 500 ce. of saliva. 

The only reference to the saliva in pellagra that we have found 
is that by Mense,!° who tested the saliva of pellagrins by means. 
of a pad of test paper presumably impregnated with starch and 
iodic acid, which permits judging of the content in KSCN by 
the formation of a blue color following the release of iodine. Of 
twenty-nine pellagrins or suspects selected, seven showed absence 


7 Bruylants, J., Bull. Acad. méd., Belgique, 1888, ii, series iv, 21, 

8 Kriiger, F., Z. Biol., 1899, xxxvii, 6. 

Mayer, in Oppenheimer, C., Handbuch der Biochemie des Menschen 
und der Tiere, Berlin, 1908, ili, pt. i, 33. 

10 Mense, C., Arch. Schiffs. u. Tropenhyg., 1913, xvii, 788. 
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of KSCN; eight a very feeble reaction (about 0.001 per cent); 
seven a feeble reaction (0.003 per cent); and only six a normal 
reaction (0.01 per cent). 

As the excretion of sulfocyanate seems to be somewhat of an 
individual question, we believe the best control on the pellagra. 
patient is the same patient recovered to such a degree that all 
the signs and symptoms characteristic of pellagra have dis- 
appeared. Accordingly stress is laid on the difference in the sul- 
focyanate of the saliva as found at entrance and at discharge. 
Of the eighteen cases of Table II, the saliva of sixteen increased in 
sulfocyanate during their stay in the hospital. 


TABLE ITI. 
Standard Diet for 1919. 


Diet 1. | Diet 2. 
Soda biscuits. | Soda biscuits. 
Corn bread. Corn bread. 
Rice. Rice. 
Tomatoes. Irish potatoes. 
Orange or evaporated apples. Grits. 
Grits. Gravy. 
Mush. Syrup. 
Gravy. Corn-meal mush. 
Cheese. Milk. 
Veal, beef, chicken, or fish. 


Milk. 


In actual average figures, the KSCN content of the saliva 
shortly after admission of the patient was 1.45 mg. in the sample 
collected, with a percentage of 0.00351, while at discharge it was 
2.77 mg. and 0.00466 per cent. The sulfocyanate content of the 
saliva was, as a rule, increased at discharge despite the fact that, 
barring the possible difference of utilization, the diet at entrance 
and shortly thereafter was more varied and potentially could 
yield more HSCN than the latter diet. 

At entrance the diet given the patients contained cereals, vege- 
tables, meat or fish, and milk. In a short time the meat and fish 
were eliminated, and as much milk as the patient would take, 
usually 1,000 to 1,800 cc. a day, was given. Examples of the 
diets used are given in Table III. No measurement of quantity 
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was made aside from the measurement of the milk. Diet 1 is 
the diet used for a short time after entrance; Diet 2 the diet 
used for niost of the time the patient was in the hospital until 
discharge. 


II. The Sulfocyanate Content of the Urine. 


As the sulfocyanate of the saliva was found in general to increase 
as the patients passed from the pellagrous stage to the conva- 
lescent stage, attention was paid to the sulfocyanate content of 
the urine. The patients available for the urine study were rather 
mild cases of pellagra. The diet employed during the last tests 
just before discharge was Diet 2 of 1919, which was less. varied 
than Diet 1 and relied upon milk as the main source of nitrogen. 
Still of the fourteen cases given in Table IV, eleven gave a higher 
content of KSCN in the 24 hour urine at discharge than at 
entrance. In two cases (Nos. 26 and 32), the increase was slight. 
In three cases (Nos. 28, 30, and 31), there was a reduction in 
sulfocyanate at discharge as compared with entrance. The aver- 
age of the fourteen urines studied comparatively, however, is 
higher for the absolute amount of KSCN at discharge than at 
entrance. 

Of the fourteen cases given in Table IV, the volume of the urine 
is increased at discharge in twelve cases; in two (Nos. 15 and 28) 
it is decreased. As the volume of the urine of the patients at 
discharge, when they showed no signs or symptoms, which in the 
judgment of the medical staff indicate pellagra, is on the whole 
decidedly increased, the percentage of sulfocyanate in the urine, 
that is the quantity in 100 ce. of urine, is as a rule less at discharge 
than at entrance. Thus in ten cases (Nos. 16, 19, 20, 21, 26, 29, 
30, 31, 32, and 33), the percentage of sulfocyanate in the urine is 
reduced while in only four cases (Nos. 15, 23, 24, and 28) is it 
increased.. It may be emphasized, however, that the absolute 
amount of sulfocyanate excreted in the 24 hour urine, is, as a rule, 
increased at discharge. 

In Table V are given data to show that, as a rule, the same 
order obtains with both saliva and urine with both collected 
within the same 24 hours; that is, that the milligrams of KSCN 
in the saliva and in the 24 hour urine are, as a rule, greater at 
discharge than at entrance. 
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It may be noted, however, that of the eleven cases given in 
Table V, the sulfocyanate content of the saliva is reduced at dis- 
charge in two cases (Nos. 28 and 29), and that the sulfocyanate 
content of the urine is reduced at discharge in two cases (Nos. 28 
and 30). However, the fact obtains that in general for both 
saliva and urine, when taken within the same 24 hours, the 
sulfocyanate content is increased, as a rule, at discharge—a cor- 
roboration of the data given for the saliva and the urine in 
Tables II and IV, respectively. 


TABLE IV. 
K SCN of the 24 Hr. Urine. 


Active pellagra. Convalescent. 
Case No. 
(Ga + mg. mg. ‘cess mg. mg. 
15 1 ,220 34.1 2.80 1,120 43.3 3.87 
16 680 50.0 7.35 1,650 94.2 Hert! 
19 1 ,230 60.9 4.95 1,955 67.3 3.44 
20 1,325 79.6 6.00 | 2,240 85.3 3.81 
21 640 51.8 8.09 1 ,400 68 .6 4.90 
23 530 26.1 4.92) | Tas 76.4 6.85 
24 1,470 Soe 1.07 1 ,690 58.2 3.44 
26 1,530 52.9 3.46 | 1,960 | 55.1 2.81 
28 2 ,965 78 .2 2.64 1,770 47.9 2.71 
29 455 45.8 10.07 1 ,390 62.0 4.46 
30 1 ,000 61.8 6.18 1 ,600 43.3 Papal 
31 I 420 |. 52.2 3.68 1,830 44.2 2.42 
32 930 93.5 10.05 1 ,260 96.6 1.60 
33 550 49.7 9.04 1 ,230 54.1 4.40 
Average..... 1,139 53:.7 5.74 1,586 64.0 4.23 


Fenwick!! believes that sulfocyanate as a product of protein 
metabolism affords indirect evidence of the extent of the nitrog- 
enous metabolism of the organism and that its amount dimin- 
ishes under conditions in which the activity of the nutritive 
function is diminished. 

According to Grober,” sulfocyanate excretion is very slight in. 
the case of cachetic and sick people. 


1 Fenwick, S., The saliva as a test for functional disorders of the liver, 
London, 1889. 
#2 Grober, J. A., Deutsch. Arch. klin. Med., 1901, Ixix, 243. 
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The physiological properties of sulfocyanate and references 
thereto are summarized by Abderhalden.% The urine of healthy 
men contains on the average 0.0476 gm. of HSCN (0.0796 gm. of 
KSCN), somewhat less for women. According to Willanen™ the 
administration to rabbits of glycocoll, creatinine, creatine, and ade- 
nine, which by oxidation or splitting yield HCN, causes increased 
urinary excretion of sulfocyanate. Lang! found that administra- 
tion of acetonitrile, propionitrile, butyronitrile, capronitrile, and 


TABLE V. 
KSCN in Saliva and in 24 Hr. Urine at Admission and at Discharge. 


: Saliva. Urine. 
Case No. 
Entrance. Discharge. Entrance. Discharge. 
mg. mg mg mg. 
16 2.67 3.66 50.0 94.2 
19* 0.69 125 60.9 67.3 
21 1.90 2.13 51.8 68.6 
23 1.07 1.47 26.1 76.4 
24 0.89 2.24 159, 7/ 58.2 
26 1.61 2.56 52.9 Hpk 
28 1.80. 1.08 78 2 47.9 
29* 1.438 1.28 45.8 62.0 
30 G36 5.14 61.8 43.3 
Be 224 3) bB/ 93.5 96.6 
30 0.39 0.93 49.7 54.1 
Average.... 1.46 2.30 da.8 65.8 


* The salivas at entrance for Cases 19 and 29 in this table were collected 
a day or two later than those of Table I]—at the time the 24 hr. urine 
was being collected. So the sulfocyanate figures in the two tables do not 
agree for these two cases. 


HCN increased urinary sulfocyanate. Gies and collaborators® in 
their study of sulfocyanate in relation to dental caries added much 
to the knowledge of the origin of sulfocyanate. They conclude 
from experiments with dogs that the addition to the diet of simple 
substances containing or yielding sulfide radicals do not markedly 
affect the sulfocyanate excretion. On the other hand, they 


13 Abderhalden, E., Biochemisches Handlexicon, Berlin, 1911, iv, 945. 
144 Willanen, K., Biochem. Z., 1906, i, 129. F 
15 Lang, 8., Arch. exp. Path. u..Pharmakol., 1894, xxxiv, 247. 
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found increased excretion of sulfocyanate after administration of 
acetonitrile (CH;CN), and mandelic acid nitrile (CsH;CHOHCN), 
which contain the CN radical; and after administration of the 
amino-acids, alanine, glycocoll, and leucine, the first two of which 
Plimmer!* found would by suitable oxidation yield hydrocyanic 
acid. 

Sulfocyanate arises in the body from the union of —SH and 
—CN radicals both of which can be obtained from protein 
by various laboratory methods that involve chemical proc- 
esses similar to those which obtain in the animal body. The 
production of —SCN compounds appears to be a process of 
detoxification—a defensive measure similar to the detoxification 
of indole by the liver into indican normally found in the urine. 

The analytical data given by Gies, Lieb, and Kahn on the 
sulfocyanate content of the tissues of dogs did not give positive 
support to the theory that sulfocyanate results from the metab- 
olism of protein as such. They say 


“The production of sulfocyanate, as indicated by the excretion, was 
- perceptibly decreased during fasting, but was increased very slightly if at 
all during overfeeding with protein. If, however, the production of sulfo- 
cyanate is estimated from the data for its distribution, the figures indi- 
cate that it was not materially affected by either fasting or overfeeding.”’ 


They suggest that sulfocyanate may result normally wholly 
from endogenous protein changes that are not materially affected 
by the amount of ingested protein. They regard the liver as the 
main organ of production of the sulfocyanate. 

Dezani!? has somewhat different views. Thus, in a series of 
articles, dealing with the genesis of thiocyanic acid in animals he 
declares Lang’s hypothesis of a quantitative transformation of 
aliphatic nitriles into HCNS is inadmissible since six-sevenths to 
nine-tenths of the nitrile is decomposed in some other way. He 
did not find an increased urinary excretion of sulfocyanate on 
administering guanine, uric acid, glycine, aspartic acid, alanine, 
asparagine, or glycerol. In the dog, and in man as well as in 
rabbit, ingestion of cauliflower resulted in the elimination of 


16 Plimmer, R. H. A., J. Physiol., 1904, xxxi, 65. 
17 Dezani, S., Arch. farm. sper., 1917, xxiii, 245; 1917, xxiv, 113, 193; 
1918, xxv, 83, 278; 1918, xxvi, 257; 1919, xxvii, 134; 1919, xxviii, 23. 
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HSCN in the urine. The thiocyanogenic substance belongs to 
the group of so called extractives. It is not a protein, or an 
amino-acid ‘precipitable by phosphotungstic acid, or an organic 
sulfide. It does not occur in meat extract. 

During a prolonged fast, a dog continued to eliminate HSCN 
in the urine to the extent of about one-third of that of a similar 
period preceding the fast. No relation was observed between 
the amount of total urinary nitrogen and of the HSCN elimi- 
nated. The elimination of urinary HSCN, however, depends on 
the nature of the food. In changing from a food poor in N to 
one rich in N the urinary HSCN excreted by the dog doubled in 
24 hours. In the final paper of the series, Dezani concludes that 
the HSCN normally excreted by animals (guinea pig, rabbit, dog, 
man) is purely exogenous. Its origin is traced to the plant food 
consumed directly by herbivorous and indirectly by carnivorous 
animals. 

That the excretion of sulfocyanate in the urine is somewhat 
independent of the total protein metabolized is shown by our 
urinary data in Table VI. Thus with low total urinary nitrogen 
in the tests made shortly after entrance to the hospital the nitro- 
gen of the urinary KSCN is 0.1352 per cent of the total nitrogen 
while in the tests made shortly before discharge the nitrogen of 
the urinary KSCN is 0.0891 per cent of the total nitrogen. In 
short, though the sulfocyanate of the urine is, as a rule, increased at 
discharge from the hospital as compared with excretion at 
entrance, the increase is not in proportion to the increase of total 
nitrogen of the urine. 

As pointed out by Gies the normal yield of sulfocyanate is, 
then, not dependent altogether on the total protein metabolized 
but on the production or evolution of CN from parts of protein; 
in short the production of sulfocyanate depends to a great extent 
on the nature of the protein and the amino-acid constituents 
thereof, and the capacity of the system to synthesize the sulfo- 
cyanate. As judged by the work of Willanen and of Gies, a 
protein yielding glycocoll, for example, should, barring lack of 
sulfur compounds in the food and barring insufficiency of the 
liver, give a greater yield of sulfocyanate in the urine. 

A modifying factor in the urinary KSCN data obtained 
shortly after the patients’ entrance to the hospital and again 


Compared with total nitro 


Case No. 


ie” * 
15 
19 

20 
21 
23 
26 
28 
29 
30 
31 
32 


33 


Average .. 


TABLE VI. 


Urinar 


Shortly after entrance. 


y KSCN. 


gen, urea nitrogen, and ammonia nitrogen. 


Shortly before discharge. 


in percent- 
age of total 


KSCN (N) 


: | KSCN 


94.2(0.1203 
43 310.0636 
67.3/0.1139 
ay aies 
68 .6|0. 1068 
76.4|0.1185 
55. 110.0760 
47 .9|0.0520 
62.0|0.0888 
43 3/0 .0699 
44.2/0.0611 
96 6/0 .0932 


54.1/0.0681 


64.5/0.0891 


PNT a ae Nees | eet A 
3 3 3 Oo OF | 3B g = 
ae | 6 |e) 6 ees) § | pee 
gm. ; gm. gm. gm. 
gm. |"oF total | of total | 9: om. | 7 total |cent. of 
N N ‘ N total 
10.595} 8.798} 0.532] 50.0/0.0680/11 .286] 6 .999/0.293 
83.0 | 5.0 62.0 |2.6 
8.604 0.265) 34.1/0.0571| 9.818] 8.495/0.219 
Sel 86.5 |2.2 
8.659 0.321! 60.9/0.1014| 8.516] 6.822/0.246 
ei) 80.0 |2.9 
5.854] 3.089] 0.922) 79.6|0.1960] 9.762) 7.948/0.578 
52.8) (528 81.4 |5.9 
5.538] 4.150} 0.254] 51.8/0.1349) 9.262). 6.976/0.268 
74.9 | 4.6 (pow PAA) 
1.700} 1.009) 0.113} 26.1/0.2214| 9.294) 6.619/0.188 
59ers) 41646 LL 0, 1220 
5.673] 4.341] 0.236} 52.9/0.1344)/10.450} 7.957|0.850 
1685) A422 76.15, \8e0 
7.430) 5.560} 0.205) 78 .2/0.1517/13 .293]10 .938/0 .397 
74.8 1-278 80.4 |2.9 
6.579] 2.992} 1.181] 45.8/0.1004|10.064| 7.250/0.421 
ADE, Ans 72.0 452 
4.760] 3.667| 0.270] 61.8|/0.1872) 8.928) 6.797|0.694 
CESS) a MCL 76.1 |7.8 
5.098] 2.198] 0.738) 52.210.1476/10 .438) 7.793/0.551 
43.1 14.5 (Aa bee 
9.906) 5.957) 1.673) 93.5)0.1360)14 941/13 .126|0.368 
60.1 |16.9 87.8: 285 
5.885] 4.240] 0.365] 49.7|/0.1218]11 .454| 8.17910 .526 
eA PNRGe2 714" 1486 
6.637) 4.182) 0.544) 56.7/0.1852/10.577| 8.146/0.4381 
652) 8222 76.5 |4.1 
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shortly before discharge lies in the change in diet. In the first 
tests the diet contained meat, which gives glycocoll on diges- 
tion; in the-last tests milk was the main source of protein and 
milk contains little glycocoll. Despite the change in the diet in 
the two periods mentioned the absolute amount of sulfocyanate 
in the saliva and urine is, as a rule, greater during convalescence 
and shortly before the patients’ discharge than during the active 
stage of the disease. The difference in favor of the convalescent 
stage would undoubtedly have been greater if the wider variety 
of diet used at entrance had been maintained throughout. As 
judged by work with a group of patients in 1917 the utilization of 
protein by pellagra patients tends to be somewhat subnormal.'® 
The difference in the KSCN of the two periods must be due 
then to an increased assimilation and to an increase in detoxify- 
ing processes’? or the sulfocyanogenetic powers of the organism 
as a whole. 

In 1917 with marked cases of pellagra the difference in the sul- 
focyanate content of the saliva of the same patient in the active 
stage of the disease and in the convalescent stage was very marked. 
In 1919 with milder cases of pellagra the differences in the KSCN 
of saliva and of urine in the two periods were still noticeable. 

The variations in sulfocyanate excretion between the active 
stage of the disease and the highly convalescent stage is associated 
with the difference in general condition. In the active stage of 
the disease when the patients are in a more or less cachetic con- 
dition the KSCN formation is less, as it is in other cachetic 
conditions as found by Grober. At discharge, when the patients 
have a greater feeling of well being and better assimilation, a 
higher protein metabolism, and presumably a greater detoxifying 
power of the system as a whole, the KSCN formation is increased. 
As the diet in the convalescent stage was if anything less ample 
than that of the active stage, the increase of sulfocyanate in the 
convalescent stage offers little support for the theory of its purely 
exogenous origin, but rather lends support to the view of Gies, 


18 Sullivan, M. X., Stanton, R. E., and Dawson, P. R., Metabolism in 
pellagra; a study of the urine, unpublished data. 

19Tn the active pellagrous period one of us (S.) has found for several 
patients tested that the blood possessed a lower oxidative power as tested 
by the conversion of phenolphthalin to phenolphthalein. 
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Lieb, and Kahn that it is of endogenous origin. Thus the work 
herein outlined shows that the increased production of sulfo- 
cyanate is not closely bound up with total nitrogen but is more 
probably a product of some endogenous activity perhaps of the 
synthetic, detoxifying activity of the liver, coupled with a greater 
assimilation of sulfocyanogenetic complexes. 


CONCLUSIONS. 


The sulfocyanate content of the saliva and the urine of patients 
with active pellagra is, as a rule, less than that of the saliva and 
the urine of the same patients about to be discharged from the 
hospital as free from the signs and symptoms characteristic of 
pellagra. 

The increase of the sulfocyanate of the saliva and urine seems 
to be associated with the betterment of the general condition of 
the patient, with better assimilation, a higher protein metabolism, 
and presumably a greater detoxifying power of the system as a 
whole. 

The increase of sulfocyanate of the urine at discharge, over 
that of entrance, however, is not proportional to the increase of 
the total nitrogen of the urine. 


I. THE CARBON DIOXIDE ABSORPTION CURVE AND 
CARBON DIOXIDE TENSION OF THE BLOOD OF 
NORMAL RESTING INDIVIDUALS. 


By JOHN P. PETERS, Jr., DAVID P. BARR, anp FRANCES D. RULE. 


(From the Russell Sage Institute of Pathology in affiliation with the Second 
Medical (Cornell) Division of Bellevue Hospital, New York.) 


(Received for publication, December 2, 1920.) 


INTRODUCTION. 


In 1919 Haggard and Henderson (1) outlined a method for the 
direct determination of the carbon dioxide tension of arterial 
and venous blood. They also demonstrated the applicability 
of the method to the study of abnormal physiological conditions 
involving disturbances of the respiratory system and the acid- 
base equilibrium in the blood. Stadie’s (2) demonstration of the 
practicability of arterial puncture as a safe procedure suggested 
the application of Haggard and Henderson’s method to the study 
of problems of human physiology and pathology. The method 
consisted of the simultaneous determination of the carbon dioxide 
absorption curve of the blood and the carbon dioxide content of 
the arterial and venous blood. By interpolating the arterial and 
venous values on the absorption curve the carbon dioxide tension 
and hydrogen ion concentration of the blood as they existed in 
the body were estimated. This method, with such modifications 
as were necessary to render it applicable to work with human 
subjects, has been employed by us in the aay of a series of 
normal and pathological subjects. 

In brief the procedure followed has been to obtain specimens 
of arterial and venous blood simultaneously, protecting them 
from contact with the air and consequent loss of CO, by means of 
albolene. Just before and just after the arterial puncture speci- 
mens of alveolar air were obtained by the Haldane and Priestley 
method (3). The carbon dioxide and oxygen content of both 
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arterial and venous specimens and the oxygen capacity of the 
blood were determined at once. Specimens of the blood (usually 
venous) were then exposed to various mixtures of CO, and air 
at 37.5°C. The carbon dioxide content of each specimen was 
measured and the absorption curve obtained from the results. 
The values for the CO, content of the arterial and venous blood 
and the CO, tension of the alveolar air were then placed on the 
curve by interpolation. In many cases we determined also the 
CO, capacity of the venous plasma. 

This work was practically completed when Means (4) presented - 
before The Association of American Physicians the results 
obtained by the application to fifteen normal and pathological 
subjects of a method for determining arterial carbon dioxide 
tension similar in all essential respects to our own. Means con- 
fined his efforts entirely to a determination of the absorption 
curve and the arterial CO, tension. To this we have added 
several other factors, especially the alveolar CO, tension. This 
has led us to draw different conclusions with regard to certain 
points. Dr. Means has kindly permitted us to see his paper 
in manuscript form so that we are able to call attention to these 
differences at this time. 

Before this method could be applied to the study of patholog- 
ical subjects it seemed necessary to ascertain the limits of varia- 
tion of the various factors involved, in normal persons. As the 
subjects of this investigation three adult males were employed: 
J. P. (Case 1) and D. P. B. (Case 3), two of the authors of the 
paper; and W. S. M. (Case 2), Dr. William 8. McCann, whose 
assistance in this respect and in other parts of the work we grate- 
fully acknowledge. All three subjects had successfully passed 
examinations for the Medical Corps of the United States Army 
and on subsequent examinations had shown no signs of any exist- 
ing pathological condition or abnormality that could in any 
way render their use ‘as normal controls open to question. It - 
will appear in the course of this investigation that some of our 
results fall definitely outside what has hitherto been considered 
as the range of normal variation. These deviations may be due 
to faults in the theory or methods employed by us or by previous 
observers. It may be that the amount of normal control material 
hitherto available has been too small to cover the entire range of 
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normal variation. It is possible that subsequent developments 
may prove that the deviations are indications in our subjects of 
pathological: conditions at present undemonstrable by other 
methods. 

The use of only three normal subjects offers an entirely inade- 
quate amount of control material. The scope and nature of the 
investigation rendered it difficult to make a more extensive study. 
Of course it would have been possible to make use of selected 
patients in the hospital and thus enlarge the number of individuals 
in this group. The use of patients with pathological conditions 
as normal controls is, however, open to criticism in any investi- 
gation in which the influence of all factors attending these patho- 
logical conditions is not definitely established. The lmits of 
variation of the carbon dioxide absorption curve as established by 
Straub and Meier (5) from a study of 56 hospital patients whose 
clinical condition, they say, gave no reason to suspect any patho- 
logical change of the blood, are very different from the limits of 
variation found by all other observers in known normal individuals. 

If it were necessary to rely entirely on the results of our own 
observations for the delimitation of normal variations, certainly 
our material is inadequate. There is, however, a considerable 
mass of experimental data in the literature which we have 
employed freely for comparison and corroboration. 


Details of Method as Applied to Both Normal and Pathological 
Subjects. 


The experiments on patients were usually performed in the afternoon, 
about 2 hours after the midday meal. In some cases they were begun in 
the morning, 4 hours or more after breakfast. No attempt to establish 
standard dietary conditions was made. Most of the patients were unable 
to get out of bed. In the few cases in which the condition of the subject 
permitted him to be up and about, a preliminary rest period of 30 minutes 
was given. During this time the patient remained in the reclining position. 
The experiments on normal persons were usually performed very shortly 
after the midday meal and were preceded by a 30 minute rest period. 

Specimens of alveolar air were obtained both before and after the arte- 
rial puncture. The arterial puncture was done under novocaine anesthesia. 
The blood was withdrawn under albolene into a Luer syringe and then 
placed under albolene in a test-tube from which specimens were removed 
for analysis within a few minutes. 
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The venous blood was collected as soon as possible after the arterial 
puncture. To prevent venous stasis no tourniquet was applied and the 
subject was directed to keep his arm relaxed. The blood was collected 
under albolene, without any contact with the air. 

Coagulation of the blood was prevented by the addition of a minimal 
amount of dry, neutral potassium oxalate. 

As soon as possible after the blood had been obtained from the subject 
under investigation, 3 cc. portions were placed in cylindrical separatory 
funnels of about 300 cc. capacity. These were filled with a mixture of CO; 
and air. The mixture was made up in a cylinder of about 1,200 cc. capac- 
ity and passed through the separatory funnel in an interrupted stream in 
order to wash the funnel out completely. Simultaneous analysis of the 
air in the cylinder and that in the separatory funnel showed differences of 
0.2 per cent or less, indicating that the method was sufficiently accurate 
for our purposes. The mixture in the cylinder was analyzed for carbon 
dioxide each time. The distal opening of the separatory funnel was tightly 
stoppered while the gas was still flowing through it, and the pressure equal- 
ized by water level in the cylinder. The proximal stop-cock was now shut 
off and the separatory funnel rotated in a water bath at 37.5°C. for 20 
minutes. As it was rotated with its long axis in the horizontal position a 
maximum blood surface was exposed to the gas mixture. At the end of 
the 20 minute period rotation was discontinued and the separatory funnel 
was placed in the vertical position long enough to allow the blood to col- 
lect in the narrowest portion. The neck was now withdrawn from the bath 
and carefully dried. The stopper was then removed and duplicate speci- 
mens were withdrawn by two observers as rapidly as possible in Ostwald 
pipettes calibrated to deliver.1 cc. between two points. 

The carbon dioxide content of both specimens was determined simul- 
taneously in two Van Slyke pipettes. The technique was the same as that 
described by Van Slyke (6) except for the fact that 20 per cent tartaric 
acid was substituted for n sulfuric. The coagulum produced by tartaric 
acid in whole blood is not so firm as that produced by sulfurie and conse- 
quently does not clog the pipette or render it difficult to clean. The blood 
was introduced into the cup of the pipette beneath a drop of dilute, carbon 
dioxide-free ammonia water to prevent the escape of COz. A blank deter- 
mination of CO: in the reagents was made with each experiment and sub- 
tracted from the observed reading. This correction was rendered as small 
as possible by the use of carbon dioxide-free water and ammonia water. 
It was usually about 0.01 cc. On one or two occasions it rose to 0.02 or 
0.025 ce. 


Calculation and Extent of Error. 


Owing to the fact that the gas mixture in the separatory funnel was equi- 
librated with atmospheric pressure at room temperature only, and not at 
37.5°C., a correction had to be made for the altered CO tension caused by 
the change in temperature, and for the vapor pressure. This should intro- 
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duce no error, as the concentration of carbon dioxide in solution is depen- 
dent directly on the carbon dioxide tension of the atmosphere with which 
it is in contact. The error that may occur from incomplete washing out 
of the separatory funnel is, as we have stated, less than (0.2 per cent, or 1.5 
mm., and must lie always in the same direction. A further slight error is 
introduced by the loss or gain of CO: by the blood in coming to equilibrium 
with the air in the separatory funnel. This must be very small and can 
be more or less accurately estimated. The maximum amount of CO, 
change from this source was only 0.2 to 0.3 ec. per ce. of blood. With3 ec. 
of blood in a 300 ce. separatory funnel this again might produce a change 
of 1.5 to 2.0 mm. in the CO, tension of the gas mixture. In point of fact 
this change must have been very much smaller in most instances. The 
error thus produced will vary in direction and extent according to the origi- 
nal carbon dioxide content of the blood. Roughly we may say that at 
carbon dioxide tensions below that of the blood employed the apparent 
CO, tension cannot be more than 1.5 mm. above or below the actual and 
most usually be much less, because the two main sources of error tend to 
compensate one another. At carbon dioxide tensions above that of the 
blood the apparent CO, tension may be as much as 3 mm. too high. 

Duplicate determinations with the Van Slyke pipette should differ by 
not more than 1 volume per cent. Occasionally such agreement was not 
obtained. Sometimes this was directly referable to errors in technique; in 
some instances no such errors were discovered. The faulty agreement in 
these cases may have been occasioned by some loss of CO: due to a delay 
in the transfer of the blood from the separatory funnel to the pipette. On 
the whole we believe that this was a minimal source of error. The blood 
was withdrawn from the funnels with the least possible loss of time. Al- 
though we have made no direct experiments to determine the rate of loss 
of COs under these conditions the fact that duplicate samples check so 
accurately in most instances indicates that such loss must be very slight. 

A certain error is introduced by the volumetric measurement of small 
amounts of blood. The pipettes were carefully calibrated to deliver 1 ce. 
of distilled water between two marks with an accuracy of +0.002 cc. The 
error entailed in measuring a viscous solution like blood must vary with 
the physical characteristics of the individual specimen under investigation 
and cannot be estimated, but can never be entirely negligible. It must 
lie always in the same direction and tend to make the apparent volume of 
carbon dioxide too low. 

Van Slyke (6) showed that the addition of potassium oxalate to plasma 
did not: affect its carbon dioxide-combining capacity. De Corral (7) 
found that anticoagulant concentrations of potassium oxalate produced 
no recognizable effect on the hydrogen ion concentration of whole blood. 
In this case it should also be without effect on the carbon dioxide-combin- 
ing capacity of whole blood. Joffe and Poulton (8), in point of fact, could 
demonstrate no change in the level of the absorption curve of fully oxygen- 
ated blood as a result of the addition of oxalate. This seems hardly pos- 
sible, however, in view of the extreme lability and sensitiveness of the 
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ionic balance between cells and plasma. We have attempted to determine 
the presence and extent of the changes produced by the addition of potas- 
sium oxalate to whole blood. 

Blood was drawn into a tube containing 1 mg. of hirudin for each 2.5 
ec. of blood: 2 ce. portions of this blood were placed in two separatory 
funnels. To the blood in one,of these were added 40 mg. of crystalline, 
neutral potassium oxalate. Both funnels were then filled with the same 
air-CO, mixture from a large spirometer and rotated at room temperature 
for 15 minutes. At the end of this time both specimens of blood were 
analyzed for CO, by the Van Slyke method. Other samples of blood were 
defibrinated and the effect of adding oxalate to defibrinated blood was 
also determined. The results appear in Table I. 


TABLE I. 


Effect of Potassium Oxalate in a Concentration of 2 Per Cent on the Carbon 
Dioxide-Combining Capacity of Blood. 


CO: content of blood after exposure to the same air-CO2 


mixture. 
Without oxalate. With oxalate. Difference. 
cc. ce. cc. 

Hirudinized blood. 0.685 0.686 +0.001 
0.696 0.734 +0.038 

0.696 0.728 +0.0382 

0.559 0.620 +0.061 

0.597 0.695 +0.098 

0.569 0.600 +0.031 

0.554 0.618 +0.064 

Defibrinated blood. 0.648 0.677 +0.029 
0.635 0.688 +0.053 

Average difference. (30.54 sen) socue 2 eeioe ete eee eee 0.045 


The addition of potassium oxalate in 2 per cent concentration produces 
an average increase of about 4 volumes per cent in the CO2-combining capac- 
ity of the whole blood. This change occurs whether the oxalate is added 
to hirudinized or defibrinated blood. The increase was not constant in 
magnitude in all the observations. However, in this concentration oxa- 
late produces visible physical changes in blood. The blood appears a 
lighter and brighter red. Whether this is due to hemolysis or not was 
not determined. The variations in our results may be somewhat depen- 
dent on the speed with which the oxalate was dissolved. 

The concentration of oxalate employed in this experiment was far in 
excess of that used for the purposes of preventing coagulation. Such a 
concentration was chosen for the preliminary observations in order to 
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insure the detection of any change that might occur. When it was found 
that this change was constant in direction, the experiment was repeated 
with only 10 mg. of oxalate to each 2 cc. of blood (see Table II). In this 
concentration (0.5 per cent) which is well above that used to prevent 
coagulation, no visible physical changes in the blood were detected. The 
addition of oxalate increases the carbon dioxide-combining power of blood 
only about 1 volume per cent. 

Christiansen, Douglas, and Haldane (9) found that if blood was allowed 
to stand its CO, capacity gradually diminished as if it became more acid. 
This change occurred more rapidly at body temperature than at the tem- 
perature of the room. For this reason we have exposed a fresh sample of 
blood to each gas mixture. In this way no sample remained at 37.5°C. 
more than 20 minutes. However, the multiplicity of procedures, involved 


TABLE II. 


Effect of Potassium Oxalate in a Concentration of 0.5 Per Cent on the Carbon 
Dioxide-Combining Capacity of Blood. 


CO2 content of blood after exposure to the same air-COz 
mixture. 
Without oxalate. With oxalate. Difference. 
ce. cc. ce. 

Defibrinated blood. 0.599 0.622 +0.028 
0.612 0.632 -+0.020 

0.624 0.628 +0. 004 

0.748 0.755 +0.007 

0.745 0.742 —0.003 

0.787 0.810 +0.023 

0.797 0.793 —0.004 

0.785 0.808 +0.023 
AW CLACEAMIMETEMCer, S08 aes, oe geo oben Gee +0.0116 


in simultaneous studies of so many factors, prolonged the total time of 
the experiments more than we should have wished. When only the absorp- 
tion curve was determined, the duration of the procedure was within the 
limits of safety; in the complete experiments this was not always the case. 

The order of procedure in the laboratory was: 

I. The simultaneous determination of 

1. The carbon dioxide content of arterial blood (in duplicate). 
2. The carbon dioxide content of venous blood (in duplicate). 
3. The oxygen content of arterial blood. 

II. The determination of the oxygen content of venous blood. (In the 
later experiments four Van Slyke pipettes were used and the arterial and 
venous bloods were analyzed for oxygen at the same time, one observer 
manipulating both oxygen pipettes and extracting one specimen while 
the other was being laked.) 
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III. Determination of the oxygen capacity of the blood. 
IV. Determination of the absorption curve. (Unfortunately the size 
of the water bath permitted the introduction of only one separatory funnel 
_at a time.) 
TABLE III. 


Effect of Time on the CO.-Combining Capacity of Blood. 


Time after CO2 content | Change of COs 


gat athe OE oF blood: content. 
min. EC cc. 
1. Hirudinized blood. 0 0.597 0.000 
120 0.569 —0.028 
165 0.554 —0.043 
2. Defibrinated blood. 0 0.648 0.000 
60 0.635 —0.013 
3. Defibrinated blood. 10 0.787 0.000 
65 0.797 +0.010 
170 0.785 —0.002 
4. Oxalated blood. 30 0.720 0.000 
60 0.705 —0.015 
190 0.711 —0.009 
210 0.720 0.000 
5. Oxalated blood. 5 0.790 0.000 
30 0.782 —0.008 
150 0.758 —0.0382 
210 0.750 —0.040 
6. Oxalated blood. 5 0.724 0.000 
60 0.723 —0.001 
125 0.703 —0.021 
180 0.676 —0.048 
7. Defibrinated blood with 0.5 per 10 0.810 0.000 
cent oxalate. 65 0.793 —0.013 
170 0.808 —0.002 


In spite of the continuous work of three persons the total elapsed time 
of an experiment sometimes exceeded 3 hours. As skill and team work 
improved, this was steadily reduced until in the last observation we were 
able to complete the whole procedure within 2 hours from the time that the 
blood was withdrawn. It seemed advisable to find out the magnitude of 
the change which occurred in the blood on standing in the laboratory at 
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room temperature for this length of time. Blood was therefore withdrawn 
into oxalate and samples were removed at intervals, exposed to an air-CO, 
mixture, and the CO2 content was measured. The results appear in Table 
III. Although not very consistent they indicate that the element of time 
may be arather serious source of error. If bloodis kept inan ordinary tube 
at room temperature, no change in the carbon dioxide-combining capacity 
can be demonstrated until the 2nd hour. At the end of 24 hours a loss of 
about 2 per cent isfound. After 3 hours this has increased to about 3 per 
cent. The fact that this loss occurred in some specimens, but not in others, 
suggests that it may be hastened by extraneous factors. 

If all these errors should fall in the same direction one might conceiv- 
ably obtain an absorption curve that was apparently 3.5 volumes per cent 
lower than the actual curve. The mean variation, however, is much smaller 
than this and cannot be considerably greater than the error of the actual 
measurement with the Van Slyke pipette. The general tendency is to make 
the curve low. The influence of these errors, in any case, cannot be very 
great as we are using the curves for the most part as a basis for comparative 
studies only. 


Method of Representation. 


In all charts the abscissa represents the carbon dioxide tension with 
which the blood is in equilibrium, expressed in mm. of mercury at 37.5°C., 
corrections having been made for the barometer and vapor tension. The 
ordinate represents the carbon dioxide content of whole blood, both physi- 
cally dissolved and chemically combined. As the physically dissolved CO, 
is a direct linear function of the carbon dioxide tension, there is nothing to 
be gained by subtracting this from the total as is done by Haggard and 
Henderson (1). 

For the calculation of the diagonals expressing pH, Henderson’s formula 
has been used, modified to show the pH directly instead of his Cu7. The 
use of the negative logarithm, introduced by Sérensen, has become general 
and is convenient. The further multiplication of forms of expression can 
only tend to produce confusion and misunderstanding. The Henderson 
scale agrees fairly closely with that of Hasselbalch (10). That the calcu- 
lation of the hydrogen ion concentration of the blood from the H2CO;: 
BHCO; ratio rests on a sound theoretical basis was first shown by L. J. 
Henderson (11). Hasselbalch (10) later demonstrated the accuracy of 
the method by practical experiments. Both Henderson and Hasselbalch 
‘dealt with completely oxygenated blood. Parsons (12) has recently ques- 
“tioned Hasselbalch’s results on the ground that the application of the 
H:,CO;: BHCO; ratio as a measure of hydrogen ion concentration is possibie 
only in the case of homogeneous solutions such as plasma. Whole blood 
is a mixture consisting of two phases, cells and plasma. In a comparison 
of the hydrogen ion concentration measured electrometrically with that 
calculated by means of the H,CO;: BHCO; ratio in whole blood, Parsons 
found differences of as much as 0.09 in the pH. His values for pH are also 
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consistently higher than those of Hasselbalch. The difference of scale 
implied in the latter is of no importance if we use our figures only for com- 
parative purposes. Until the point at issue is definitely settled it seems 
better to continue the use of the Hasselbalch pH scale with the realization 
that, if Parsons is correct, it should be rotated to the right 0.03 to 0.04 points. 
The discrepancy of 0.09 between calculated and observed values of pH 
found by Parsons indicates a considerable error in the method of calcula- 
tion. This is, however, the maximum error. -The average error, as we © 
have calculated his results, is only about 0.03, if allowance is made for the 
difference in scale noted above. If we recognize the possibility of the 
presence of an error of this magnitude in our method of calculation we may 
use the values here obtained for purposes of comparison where the observed 
changes are large and consistent and occur in completely oxygenated 
blood. Work of Parsons (12) and L. J. Henderson (13) suggests that the 
application of the same scale to partially or completely reduced blood is 
not entirely proper because of the nature of hemoglobin. This will have 
little or no effect as regards the absorption curve figures, as these are deter- 
mined on completely oxygenated blood. It may have considerable effect 
on the interpretation of the carbon dioxide content values of arterial and 
venous blood; but this will be discussed later. In any event each diagonal 
line must represent the locus of points on which the H:,CO;:BHCO; ratio 
is identical. 

The carbon dioxide capacity of the venous plasma is reduced to terms 
of alveolar carbon dioxide with which it should correspond if the normal 
relation found by Van Slyke obtained. The formula employed is 


(Mg. CO, in chemical combination in 1 cc. plasma) X 35 = x 


The Effect of Oxygen Unsaturation on the Carbon Dioxide Absorp- 
tion Curve. 


One difficulty at once presents itself. The absorption curve 
is obtained from completely oxygenated blood, while both the 
arterial and venous blood are partially reduced. Christiansen, 
Douglas, and Haldane (9), Hasselbalch (10), Parsons (12), and 
L. J. Henderson (13) have all shown that reduced blood has a 
greater power of combining with CO, than has oxygenated blood. 
All these observers employed defibrinated blood. Haggard and 
Henderson (14) reported recently that they had been unable to 
demonstrate this effect of oxygen on the absorption curve of 
oxalated blood. On the other hand Joffe and Poulton (8) found 
no difference in this respect between defibrinated and oxalated 
blood. The findings of the two observers are flatly contradictory. 
Collateral evidence, however, strongly favors the view of Joffe 
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and Poulton. The effect of oxygen unsaturation on the absorp- 
tion of carbon dioxide in defibrinated blood is unquestionable. 
If oxygen unsaturation is without effect on the absorption curve 
of oxalated blood, the absorption curves of defibrinated and of 
oxalated venous blood should be quite different. Venous blood, 
as drawn, may be as much as 50 per cent unsaturated with 
oxygen. If this blood is defibrinated and then completely oxy- 
genated, the usual procedure in the determination of the absorption 
curve, the change from partial reduction to complete oxygenation 
should make the absorption curve low in comparison with that of 
oxalated blood. 


That this is not the case and that the carbon dioxide-combining capacity 
of oxalated blood is increased by oxygen unsaturation is shown by the fol- 
lowing experiment. 

50 ec. of blood were withdrawn from an arm vein of J. P. under albolene, 
without contact with the air. 25 cc. of this blood were defibrinated under 
albolene, while to the remainder was added a small amount of neutral 
potassium oxalate. : 

The oxygen content of both portions was then determined. The oxal- 
ated blood contained 7.1 volumes per cent of oxygen, representing an oxy- 
gen saturation of 33 per cent; the defibrinated portion contained 6.65 
volumes per cent of oxygen, an oxygen saturation of 31 per cent. 

Samples of each portion were then exposed for equal lengths of time to 
an air-CO, mixture of 38 mm. of CO, tension, at 37.5°C. Analysis at the 
end of this period gave 42.3 volumes per cent of CO, in the oxalated blood 
and 42.0 volumes per cent in the defibrinated. Both showed an oxygen 
saturation of 98.4 per cent. 

Another sample of the oxalated blood was, at the same time, exposed to a 
mixture of CO, and nitrogen of 38 mm. of COz tension. Analysis showed 
that this contained 47.5 volumes per cent of CO: and an oxygen satura- 
tion of only 21 per cent. 

As a result of a reduction of 77.4 per cent in the oxygen saturation the 
carbon dioxide-combining power of the oxalated blood was increased 5.2 
volumes per cent. This agreed with the value obtained by calculation 
from our empirical formula (see below), which was 5.66 volumes per cent. 


That oxalated blood is suitable for the determination of the 
absorption curve is indicated by the experiments on the effect of 
oxalate detailed above (see “‘Methods’’). Van Slyke and Cullen 
(15) have also shown that if arterial and venous bloods, oxalated, 
are exposed to the same mixture of CO: and air they are found to 
have the same carbon dioxide-combining power. If, then, oxygen 
does affect the carbon dioxide-combining power of blood in the 
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body, the addition of oxalate to the blood does not interfere with 
the reaction. As we shall point out later, unless such a reaction 
occurs in the body, certain respiratory phenomena become quite 
incomprehensible. At present the weight of evidence favors 
those who claim that oxygen influences the absorption of carbon 
dioxide in the blood. In this case arterial and venous carbon 
dioxide tensions must be corrected for oxygen unsaturation in 
order to approximate conditions that exist in the body. 

On theoretical grounds Parsons (12) and L. J. Henderson (11) 
have concluded that the effect of oxygen on the CO.-combining - 
power of blood must depend on the amount of hemoglobin in the 
blood and the ratio of reduced hemoglobin to oxyhemoglobin. 
Christiansen, Douglas, and Haldane (9) and Joffe and Poulton 
(8) have presented experimental data that conform to this theory. 
It should be possible, then, to find an empirical mathematical 
expression for the effect of oxygen unsaturation on the level of 
the carbon dioxide absorption curve, the accuracy of which will 
depend on the accuracy of the data at our disposal. The simplest 
equation that will express the fact that the effect of oxygen 
unsaturation on the curve is dependent on the amount of reduced 
hemoglobin is 

K X Hb =D 
where K = a constant 
Hb = the oxygen unsaturation of the blood expressed in volume per 
cent of oxygen 
the change of level of the absorption curve as a result of the 


effect of oxygen unsaturation, expressed in volume per cent 
of carbon dioxide 


D 


Of course this formula cannot express the reaction accurately. 
K cannot be a simple constant because the curves of reduced and 
oxygenated blood meet at the origin. K must, therefore, have a 
value of zero at 0 mm. of CO, tension and must increase as the 
CO, tension rises. The value of K may, however, be sufficiently 
constant at CO, tensions that exist in the body to permit the use 
of such a simple equation. 

As experimental data we have the carbon dioxide absorption 
curves of the blood of J. S. H. (Christiansen, Douglas, and Hal- 
dane) saturated with oxygen and 98 per cent reduced and the 
curves of the blood of J. (Joffe and Poulton) completely oxy- 
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genated and 90 per cent reduced. The hemoglobin values given 
for J. S. H. and J. are 100 and 101 per cent respectively, accord- 
ing to the Haldane scale. To these data we have applied the 
above equation and calculated values of K. The results are 


TABLE IV. 


Effect of Oxygen on the Carbon Dioxide Absorption Curve of Whole Blood, from 
Equation K X Hb = D. 


Subject. CO: tension. Observed value Value of K. 
mm. Hg 
J. S. H. (reduced blood 2 per cent 0 0 0 
saturated with oxygen. Hemo- 10 5.5 0.303 
globin 100 per cent.) 20 5.5 0.303 
30 5.6 0.309 
40 6.0 0.331 
50 6.2 0.342 
60 6.2 0.342 
70 6.6 0.364 
80 6.7 0.370 
90 7.0 0.368 
J. (reduced blood 10 per cent sat- 0 0 0 
urated with oxygen. Hemoglo- 10 4.5 0.268 
bin 101 per cent.) 20 5.3 0.315 
30 56), 0.333 
40 5.5 0.327 
50 5.5 0.327 
60 5.9 0.351 
70 6.5 0.386 
80 7.4 0.440 
90 8.0 0.476 
Average values from 30 to 70 mm. inclusive...... djs tsb Bt 0.337 
J. 0.345 


shown in Table IV. It will be seen that the average values of K 
between 30 and 70 mm. of CO, tension are practically identical, 
averaging 0.34, and that the maximum deviation from this mean 
at these tensions is only about 10 per cent. This is within the 
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error of the method employed and a constant value of K can 
therefore be assumed for our purposes. We have applied this 
equation to our results in order to correct the arterial and venous 
CO, tensions observed for the effect of oxygen unsaturation. In 
practice a curve is drawn at the distance D above the curve of 
completely oxygenated blood and the corrected point is placed 
where the carbon dioxide content of the blood intersects this 
curve. 

In the charts of experiments and in the tables of this paper the 
arterial and venous points are shown both in relation to the 
absorption curve of completely oxygenated blood and also after 
corrections have been made for oxygen unsaturation. The 
quantitation of the effect of oxygen unsaturation is, of course, 
based on insufficient data. If, however, the data of Haldane and 
of Joffe are correct and the value of K does vary by only 10 per 
cent, the maximum error in such a correction cannot be more 
than one-tenth of the variation produced by the change from the 
completely oxygenated to the completely reduced state. For a 
hemoglobin of 100 per cent the error would be 0.64 volume per 
cent, well within the limit of error of the analytical methods we 
have employed. Even a considerable error in the equation would « 
make no distinguishable difference in the results. 


Level of the Absorption Curve of Normal Resting Subjects. 


Christiansen, Douglas, and Haldane (9), in 1914, studied the 
carbon dioxide absorption curve of two normal individuals 
(J.S.H. and C.G.D.) at rest, and during and after exercise. They 
also made a few observations on five other normal persons at 
rest. At about the same time Morawitz and Walker (16) made 
some observations on the carbon dioxide-combining power of 
whole blood, by an entirely different technique, and obtained 
almost identical results. Hasselbalch (10), in 1917, determined 
the curve of the normal subject, K. A. H. In 1918 Straub and 
Meier (5) published the results of a study of the absorption 
curves of 56 hospital patients in whom, they state, there was no 
reason to suspect any pathological change of the blood. Liljes- 
trand and Lindhard (17), Krogh and Liljestrand (18), Joffe and 
Poulton (8), Parsons (12), Davies, Haldane, and Kennaway (19), 
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and Means, Bock, and Woodwell (4) have also given normal 


absorption curves. 


In Fig. A are presented the limits of variation of the carbon 
dioxide absorption curves of normal resting individuals which we 
have been able to find in the literature, and those of three normal 
persons which we have determined. Some of these represent 
only single observations. Others are the results of repeated 
studies. Altogether observations on twenty-one normal persons 


appear, besides Straub’s 56 hospital patients. 
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Shaded area shows the range of variation of the absorption curves of 


seventeen normal individuals, obtained from the literature. 


The area 


enclosed by broken lines represents the range of variation exhibited by 


Straub and Meier’s 56 cases. 
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The methods employed are almost as numerous as the authors. 
Nevertheless, with the exception of Straub’s highest figures, the 
agreement in the results of different observers is remarkably 
close. The normality of Straub’s cases may reasonably be ques- 
tioned and the data which he presents are not sufficient to permit 
analysis of his results. The simple statement that the clinical 
condition of these patients gave no reason to suspect any patho- 
logical change of the blood is not a sufficient characterization to 
warrant the assumption that they are normal subjects. As yet. 
the study of the carbon dioxide absorption curve of whole blood 
has been too limited to permit one to say that pathological changes 
occur in certain restricted conditions, only. It seems better, 
then, to omit Straub’s figures in discussing the limits of variation 
of the absorption curve in normal subjects. If this is done, it 
will be seen that the limits of variation of the eighteen cases 
reported by other observers are the same as those found in our 
three normal subjects. For the present, these must be consid- 
ered the limits of range of the carbon dioxide absorption curve of 
normal resting subjects. It may be that further studies will 
reveal greater variations or that more careful investigation will 
prove that the extreme curves are due to some pathological or 
abnormal physiological condition not yet discovered. 

The carbon dioxide content of blood is composed of two parts: 
(1) That portion which is present in simple solution and as 
H.CO;; (2) that portion which is present in chemical combina- 
tion as bicarbonate. The amount of COs, in solution at any 
given temperature is dependent entirely on the tension of carbon 
dioxide to which the blood has been exposed, and can be calcu- 
lated directly from this and the solubility coefficient. It has 
been shown by Bohr (20), L. J. Henderson (11), and more recently 
by Parsons (12) that practically all the chemically combined CO, 
must exist as bicarbonates. Henderson has also shown that the 
concentration of bicarbonates may be used as a measure of the 
alkali of the blood not bound by acids other than carbonic, with- 
out any significant error. If this is so, the alkali reserve of the 
blood must determine the height of the absorption curve. 

Inspection of the curves discloses the fact that they vary con- 
siderably in shape and slope. In most cases these variations are 
minimal within the limits of CO, tension that are believed to 
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obtain in the arterial blood. If the curves of patients with severe 
anemia are omitted, the remainder will be found, with few excep- 
tions, to maintain the same relative height within the limits 30 
to 60 mm. In order to compare the heights of different absorp- 
tion curves, it is necessary to study them at the same level. 
The ideal level from a theoretical standpoint is the one that con- 
forms as nearly as possible to the conditions supposed to exist in 
the body; that is, where the absorption curve crosses the pH 7.35 
line. In the lowest curves, however, this point lies at an extremely 
low carbon dioxide tension, occasionally below those tensions 
employed in the experimental work. The use of the point of 
intersection with the pH 7.35 line would, in these instances, 
demand extrapolation with the introduction of a considerable 
error. We have, therefore, chosen the point at which the absorp- 
tion curve crosses the 40 mm. line. This point has been chosen 
because it is the generally accepted figure for average, normal 
alveolar CO, tension and because it has been rather generally 
employed by other investigators in the determination of the CO, 
capacity of whole blood and plasma. Except in certain patho- 
logical conditions which we shall discuss later, the differences in 
the results of the two methods (estimation of height at the 40 
mm. line and at the pH 7.35 line) are insignificant. The height 
of the curve at either of these points may be considered to repre- 
sent the alkali of the blood available for combination with CO: 
under conditions that exist in the body. ‘This is expressed in 
terms of total carbon dioxide instead of carbon dioxide present 
as bicarbonate. The latter may be derived by subtracting 2.7 
volumes per cent from the value given. The results obtained 
by others and by-us, from both normal and pathological subjects, 
appear in Table V. 

From these figures the height of the normal absorption curve 
at 40 mm. of CO, tension may be said to lie between 43 and 56 
volumes per cent, with an average of about 50. The limits of the 
whole number of normal curves are practically the same as those 
found in our three normal subjects, if Straub’s figures are omitted. 

Christiansen, Douglas, and Haldane (9) found that, although 
the absorption curves of different individuals differed consider- 
ably in level, the absorption curve of any given individual was 
constant and quite characteristic in both height and shape. 


TABLE V. 
Height of the Absorption Curve at 40 Mm. COz Tension. 


Subject and condition. CO:z 


vol. per cent 


Christiansen, Douglas, and Haldane: 6 normal subjects; limits 46.6 


OL VEQIADIOM tee en lies pera c scicins sis ee erst oss a pen 51.2 
Morawitz and Walker: 1 normal subject; limits of variation....) 51.7 — 
54.2 
Hasselbalch: 1 normal subject, Ko Ay Heo aces on sc sa. ee 50.0 
Krogh, Liljestrand, and Lindhard: 5 normal subjects; limits of 44.0 
Mamitmon ead.) Cle os SOR, 2S 48.3 
Jae and Poulton: 1 normal subject; Sies.c. 42.0 chi slates eee 45.1 
Parsons: 1 normal subject, T. BR. P., Oct., 1917... - = .te.. -aece 51.9 
July; 1916 Ot ree | 46.7 


Davies, Haldane, and Kennaway: 1 normal subject, J.B.S.H.| 49.4 


Means, Bock, and Woodwell: 2 normal subjects, M. N. W..... 51.1 
J. He eee |, Soe 
Straub and Meier:* 56 hospital cases with presumably normal 49.5 
blood; limits of variation ¢ <2). sels. :séa> ee 65.6 
J.0b-. normal subject, Feb. 27,1920 so... c-cc.« » meee ite 53.9 
Mar. 5, 1920 ooo... s enc se ee 54.5 
12, 19200. 2 ee 55.9 
W.S. M., normal subject, Feb. 13, 1920... .......si,20.25den-|) 4800 
May. 21.1920)... 0. + 6:.'s.202 ee er 
D. P. B., normal subject, Mar. 26, 1920............... eee 43.3 
29; 1920... oo. se 47.0 
May 14, 1920... ......25 2.0 e eee 43.6 

Summary. 

No. of CO: at 40 mm. 
cases. 


Maximum.| Minimum.| Average. 


vol. per cent\vol. per cent\vol. per cent 


CEMETIODEEEVETS © 2... .0.- «<2 sme nate One 54.2 44.0 49.3 
Subjects of this series........... 3 55.9 43.3 49.2 
All normal*subjects. 2 i... 29. 255 21 55.9 43.3 49.3 


* Straub and Meier’s figures are omitted from this summary for reasons 
given in the text. 
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Our results seem to confirm this statement. The total variation 
in the height of the curve of J. P. (Case 1), determined three 
times in a-period of 6 weeks, was only 2 volumes per cent. Two 
curves of W. 8S. M. (Case 2), obtained over 3 months apart, show 
even closer agreement. In the case of D. P. B. (Case 3), two 
curves at an interval of 6 weeks are almost identical. A third, 
taken 3 days after the first, lies about 4 volumes per cent higher. 
Christiansen, Douglas, and Haldane showed that exercise 
reduced the level of the curve. The variations that were found 
may have been due to a failure to establish proper resting meta- 
bolic conditions. The two curves of Case 3 that agree most 
exactly were obtained under standard conditions. The very 
close agreement of these curves derived from a considerable 
number of observations, scattered over a period of 2 months or 
more, can hardly be a matter of coincidence. It is also additional 
evidence that, for purposes of comparative study at least, the 
errors of the method are of no great importance. 

The meaning of the differences in the height of the absorption 
curves of different individuals is not clear. That it is paralleled 
by no corresponding difference in the carbon dioxide tension of 
the alveolar air has been stated by Christiansen, Douglas, and 
Haldane. By a strange chance it happens that the absorption 
curves of Cases 1 and 3 are very different and lie respectively at 
the extreme upper and lower limits of the normal range. Both 
persons have been studied by a variety of respiratory methods 
and they have been found to differ in many respects. Some of 
these differences and their possible bearing on the height of the 
absorption curve will be pointed out later. 


Carbon Dioxide Tension and the Hydrogen Ion Concentration of 
the Arterial Blood of Three Normal Subjects. 


The carbon dioxide tension of the arterial blood of three normal 
persons (see Table VI, Columns 4 and 5; and Charts 1, 2, and 3!) 
was found to be 36 to 50.5 mm. of Hg uncorrected for oxygen 
unsaturation, 34.5 to 49 mm. after correction. This variation 


1 To facilitate the reference to charts and tables, the same numbering 
has been retained throughout tables, charts, and protocols. Thus Chart 1 
refers to Case 1. Charts of general characteristics are lettered. 
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did not bear a direct relation to the height of the corresponding 
absorption curves. The consequence is that our results indicate 
a considerable range of variation in the pH of normal arterial 
blood (see Table VI, Columns 6 and 7); from 7.22 to 7.43 uncor- 
rected for oxygen unsaturation, 7.23 to 7.45 after correction. 
This is somewhat larger than the variation found by Michaelis 
(21) by direct electrometric titration in the venous blood of 
twelve normal resting persons, which was 7.28 to 7.43. As we 
shall show later the pH of venous blood is practically the same 
as that of arterial blood so that Michaelis’ figures and ours are 
quite comparable. His average pH is 7.35, ours is 7.32, a very 
fair agreement. There are, as yet, no direct determinations of 
the pH of human arterial blood to be found in the literature. 
Most observers have relied, instead, on the values obtained from 
venous blood equilibrated with alveolar air. 

Parsons’ (12) objections to the use of the ratio of free to com- 
bined carbon dioxide as a measure of the hydrogen ion concen- 
tration of whole blood have been discussed above. If these 
objections are valid our figures cannot be interpreted as absolute 
values, but they must be very close to the true values. The 
differences of pH in the three individuals, moreover, are too 
ereat to be accounted for by errors in the method of calculation. 
Parsons considers the maximum error in calculation to be about 
0.09; Hasselbalch (10) found the maximum error no greater than 
that of the method for determining COs, which he places at a 
difference of 0.04 in the pH. This may be increased somewhat 
by the error in the oxygen correction formula. A greater error, 
however, results if this correction is not made. Certainly it 
expresses the change in pH as in carbon dioxide qualitatively and, 
as we have shown, deals with a value of such small magnitude 
that the error must be minimal, probably not greater than 0.02 
in pH. On the whole the maximum error should never exceed 
0.06 and the average error must be nearer 0.02 to 0.03. 

It is quite difficult to believe that the differences in pH found 
in J. P. (Case 1) and D. P. B. (Case 3) are due to errors in method, 
because repeated determinations revealed the same differences. 
Values of 7.22 and 7.25 were found in Case 3 at an interval of 6 
weeks. In Case 1 in two experiments more than 2 months apart, 
arterial CO, contents were found to be identical. Unfortunately 
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on the second occasion the determination of the absorption curve 
failed. However, Case 1’s absorption curve had been sufficiently 
well established by three other observations to warrant the 
assumption that the arterial CO. tension and the hydrogen ion 
concentration were the same on both occasions. In order to 
represent this second experiment graphically (see Chart 1) we 
have employed an absorption curve made up from the three 
previous experiments. Under these conditions the arterial pH 
of Case 1 on these two occasions was 7.40 and 7.45. 

There is a variation in the pH of normal resting individuals of 
about 0.2, a little more than has been generally assumed. There 
seems to be a tendency for each individual to maintain his pH 
at a constant level. This is characteristic of the individual. We 
have other evidence that this must be so in the fact that the 
level of the carbon dioxide absorption curve and the level of the 
alveolar CO, tension, both determinants of the hydrogen ion 
concentration of the blood, are both constant in any given indi- 
vidual, although subject to a certain variation in different indi- 
viduals. 

If this is so one cannot talk in absolute terms of compensated 
or uncompensated acidosis or carbon dioxide retention from a 
single observation of the arterial pH under pathological or abnor- 
mal physiological conditions. If Case 1 normally maintains a 
pH above 7.4 in his arterial blood a pH of 7.30 would, in his case, 
indicate a retention of carbon dioxide or an uncompensated 
acidosis. But the same pH (7.30) would be normal for Case 2 
and would mean an uncompensated alkalosis in the blood of 
Case 3. It is necessary to establish the normal pH level of an 
individual before one can accept as proof of uncompensated 
acidosis or alkalosis any values except such as lie beyond the 
limits of normal variation. 


Relation of Alveolar and Arterial Carbon Dioxide Tension. 


Hasselbalch (10) has shown that if the blood of an individual is 
exposed at body temperature to a mixture of CO, and air of the 
same CO, tension as that of the alveolar air of the subject, the 
pH of the blood will be found to vary only slightly about a mean 
of 7.35. This must mean that, in general, the alveolar carbon 
dioxide tension varies with the height of the absorption curve. 
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On the other hand, Christiansen, Douglas, and Haldane (9) make 
the statement that the alveolar CO, tension does not vary with 
the height of the absorption curve. 

Table VII gives the calculated pH of blood equilibrated with 
an air-CQ, mixture of the same CO, tension as that of the alveolar 


TABLE VII. 
pH of Blood Exposed to an Air-CO, Mixture of the Same CO, Tension as 
That of the Alveolar Air of the Individual from Whom Blood 
Was Removed. 
(Values obtained by calculation from the absorption curve.) 


Observer. Subject. rae ae Oz Reaction. 
mm. Hg pH 
Christiansen, Douglas, and | J.S. H. 40.8 7.35 
Haldane. ; CAGsD: 38.5 (00 
Yoke > 8850 feos 
J. G. P 40.2 ea) 
Krogh and Lindhard. Ai dKe 7.34 
do 1: Load. 
Means, Bock, and Woodwell. | J.H.M 40.6 7.37 
M.N. W. By eae 
1920 
The authors. dy lee 
Mar. 12 38.7 7.42 
May 19 36.0 42 
W.S.M. 
May 21 35.9 7.35 
1D)s 124; 183 
Mar. 26 38.5 7.29 
029 37.6 [088 
May 14 37.4 7.30 
ANY GTOR GORY Mia eee eee eine IPCI SSA hia ohn 5 oS 
IM lepcita (bina ey ae eens eee MEACoR Do ciemior ea .c-o blo 6.0.0 D0 or 7.42 
INV Teniranne ares 2 het eases ts, obec cesctoy ce llecetea sg cre ous oor ae EN ER eo 7.29 


air in the three normal persons of our series; four normal persons 
given by Christiansen, Douglas, and Haldane; A. K. and J. L. 
from data presented by Krogh and Liljestrand (18) and Krogh 
and Lindhard (22); and J. H. M. and M. N. W. from Means, 
Bock, and Woodwell (4). In the case of the subjects A. K. and 
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J. L. the absorption curves were taken from recently published 
work, while the figures for alveolar CO. tension employed were 
calculated from several series of observations reported in earlier 
studies. In all the other cases including our own, absorption 
curves and alveolar carbon dioxide were determined at the same 
time. We have calculated the pH by taking the point where 
the absorption curve of the individual crosses the line represent- 
ing his alveolar CO, tension. 

The average normal pH under these conditions is, as Hassel- 
balch found, 7.35. In spite of the statement of Christiansen, 
Douglas, and Haldane that they could find no exact relation 
between the height of the absorption curve and the alveolar 
carbon dioxide tension, their figures show a remarkable agree- 
ment. The difference between our conclusions and those of 
Christiansen, Douglas, and Haldane may be partially explained 
by unavoidable differences in the construction of the curves. 
Hasselbalch’s calculations of the “alveolar pH” of J. S. H., 
C. G. D., and K. A. H. differ from ours by 0.01 and 0.02. This 
is about the error that should be expected in the construction of 
the most probable curve from a series of points that has an inher- 
ent error as great as that of methods for determining carbon 
dioxide in blood. The failure of Christiansen, Douglas, and Hal- 
dane to recognize the relation between the alveolar carbon dioxide 
tension and the height of the absorption curve may have been 
due also to the fact that this relation is not a linear function. 
They say that although the alveolar CO, of J. C. is 5 to 6 mm. 
lower than that of J. S. H. the corresponding absorption curves 
are almost indistinguishable. As we have reconstructed the 
curves from their data, that of J. C. appears to be 2.5 to 3.0 mm. 
lower than that of J. S. H. Owing to the slope of the pH lines 
and the dissociation curves, the difference in CO: tension between 
the points of intersection of these curves with the pH 7.35 line 
is about 6 mm. 

The results of our experiments are not quite so satisfactory. 
Case 1 gives a pH of 7.42, while Case 3’s is 7.29 to 7.33, with an 
average of 7.30. The fact that repeated observations gave iden- 
tical results suggests that these relations are individual character- 
istics of the subjects under investigation. If we can accept the 
composite data for J. L. it is interesting to note that both his 
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alveolar CO, tension and absorption curve agree with those of 
Case 3, giving in both cases a low pH of only 7.30. In both, the 
absorption’ curves are so low that an alveolar CO, tension of 30 
to 31 mm. would be required to produce a pH of 7.35. This is 
below the figures usually accepted for the lower limits of the 
normal range of alveolar CO, tension. Arguing in the same way, 
Case 1 would require an alveolar CO; tension of 45 mm. to bring 
his pH to the 7.35 line. Such an alveolar tension has never been 
observed in this subject although he has been studied for 5 years. 

When the alveolar CO, tension is compared with that of the 
arterial blood (see Table VI, Column 12), the close agreement 
which has been generally assumed does not appear. From Charts 
1, 2, and 3 it is found that, in Case 1, Experiment 1, the alveolar 
CO, tension is 4 mm. higher than that of the arterial blood; in the 
other two cases the alveolar tension is 6 to 11 mm. lower than 
that of the arterial blood. 

The difference found in Case 1 can hardly be accepted at its 
face value. One might consider the findings in this case an indi- 
cation that Krogh (22) and his followers were right in their 
statement that the values obtained by the Haldane method were 
too high. But every other observation here reported contradicts 
this. It is not easy to believe that there was an error in the col- 
lection or analysis of the alveolar samples. The subject is expe- 
rienced in respiratory methods. Duplicate specimens checked 
perfectly. Not only is this true in this experiment, but in the 
experiment 2 months later values obtained for both alveolar CO, 
tension and arterial CO, content were almost identical with 
those of the earlier experiment. Finally the alveolar CO, was 
determined in conjunction with a respiratory experiment in which 
the dead space was calculated by the Haldane (3) formula. With 
the alveolar CO. as determined, a dead space of 130 cc. was 
obtained. If the alveolar CO: tension were assumed to be only 
1.5 mm. below the arterial tension, the dead space would have to 
be as small as 75 cc. and the alveolar tension only 33 mm. Deter- 
minations of the dead space by Pearce’s (23) method on the same 
subject gave a value of 130 cc. and his alveolar carbon dioxide 
tension has never been found as low as 35 mm. An alveolar 
CO, tension of 33 mm. would also, if placed on the dissociation 
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curve, give a pH of 7.47. The fault is, therefore, probably not 
in the determination of the alveolar CO: tension. 

If the absorption curve were only 1.5 volumes per cent lower, 
the alveolar and arterial tensions would coincide. As we have 
pointed out, there is sufficient error in the method of determining 
the absorption curve to make it impossible to draw any con- 
clusions from such small differences. The curve obtained on 
March 12 is perceptibly higher than three others obtained from 
the blood of Case 1 on other dates. If the average of all the 
curves of Case 1 is employed it is found that, in the experiments 
of March 12 and May 19, the alveolar CO, tension is respectively 
the same as and 3 mm. lower than the arterial tension. In Chart 
1 such an average absorption curve has been used (Curve 2) in 
representing the experiment of May 19. For the experiment of 
March 12 (Curve 1), the absorption curve as actually determined 
on that day has been used. Curve 2, we believe, probably repre- 
sents more nearly the actual relation between alveolar and 
arterial CO, tension in both experiments. In this case the two 
are, for practical purposes, identical. 

The remaining cases are, however, not at all in keeping with 
the accepted theory which regards the alveolar CO: tension as a 
measure of the arterial tension. Krogh and Krogh (24) found 
that the alveolar CO, tension of rabbits was about 0.1 to 0.2 per 
cent lower than that of the arterial blood. Our experiments show ~ 
a difference of 0.8 to 1.5 per cent in normal persons and, as.we 
shall show, a much greater difference in some pathological con- 
ditions. Against the assumption that the alveolar CQO, is in 
error the same arguments which were proposed in Case 1 may be 
advanced. In order to make the alveolar and arterial tensions 
agree by correcting the absorption curve the latter would have to 
be placed at least 2.5 volumes per cent higher. But in both these 
subjects repeated determinations of the absorption curve agreed 
perfectly. It is improbable that a systematic error would occur 
in four determinations on two subjects and fail altogether to 
appear in three experiments on a third. . The difference between 
arterial and alveolar CO, tension in these cases seems to be a 
real one. 
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CO: Tension and Hydrogen Ion Concentration of Venous Blood 
and the Difference between Arterial and Venous Blood. 


Results obtained from the analysis of venous blood are inher- 
ently less reliable than those obtained from arterial blood because 
the carbon dioxide and oxygen tension of the venous blood are 
subject to the influence of local conditions. The influence of 
venous stasis on both CO, content and CO.-combining capacity 
has been brought out by Morawitz and Walker (16), as has the 
effect of exercise. Although it is possible to avoid artificial - 
stasis by omitting the use of a tourniquet, it is impossible to 
control completely local changes in the blood flow or in the mus- 
cular activity of the arm. The fact that no simultaneous studies 
of arterial and venous blood from either normal or pathological 
subjects have given consistently satisfactory respiratory quotients 
is an indication that such factors are active even under the most 
carefully controlled conditions. Harrop’s (25) blood respiratory 
quotients range from 1.81 to 0.62 in normal persons, 1.76 to 0.25 
in cardiac subjects. Our own vary from 1.62 to 0.34. Arterial 
blood is not subject to the influence of local circulatory condi- 
tions and it is, therefore, probable that the chief source of error 
lies in the venous blood. It is obvious that, unless satisfactory 
quotients are obtained, the results cannot be considered to repre- 
sent conditions that exist in the general circulation. Nor is it 
proper to accept as satisfactory isolated experiments in which 
satisfactory quotients are obtained. The method must be cap- 
able of returning such quotients with a certain degree of regular- 
ity in order to permit its use for the determination of the blood 
flow, venous CO, tension, and other similar characteristics in 
individual experiments. It may be possible, however, to draw 
general conclusions from the study of a considerable number of 
experiments. 

In Table VI, Columns 9, 10, 11, 12, and 15, and Charts 1, 
2, and 3 are given the CO, tension and the hydrogen ion concen- 
tration of the venous blood of the three normal subjects of our 
series with the difference in COz tension between the arterial and 
venous blood. The CO, tension of venous blood was found to 
vary between 42 and 72 mm. uncorrected for oxygen unsatura- 
tion, 39.5 to 58.5 mm. after correction, with an average of 50.2 
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mm. The corresponding values for pH were 7.37 to 7.12 uncor- 
rected, 7.40 to 7.22 corrected, with an average of 7.31. The 
difference between arterial and venous CO, tension was from 
0.8 to 9.5 mm. corrected. 

The range of variation of all these factors is very considerable. 
Especially noticeable is the very high venous carbon dioxide 
tension found in Cases 2 and 3. The first attempt to ascertain 
the venous carbon dioxide tension was made by Christiansen, 
Douglas, and Haldane (9) in 1914. Since then many other 
workers have proposed methods. All these methods are indirect 
and all depend on the same principle, the use of the lungs as a 
tonometer. The subject rebreathes a certain amount of air or 
some other gas mixture for a length of time less than that con- 
sumed by a single complete circulation of the blood. During this 
time the rebreathed air is supposed to attain equilibrium with 
the venous blood in the pulmonary circulation. From the CO, 
tension of the rebreathed mixture the CO, tension of the venous 
blood is calculated after a correction has been made for oxygen 
unsaturation. In order to find the arterial CO. tension the 
method of Haldane has been most commonly employed. By 
the use of these or similar methods all observers have found a 
difference between the arterial and venous carbon dioxide tension 
of from 4 to 7mm. In some studies on the subjects J. P. (Case 
1) and D. P. B. (Case 3) made with the Haldane method for 
arterial CO, tension and the Henderson (26) method for venous 
CO, tension we found the difference between the two to be from 
2.7 to 7.0 mm. uncorrected for oxygen unsaturation, 1.6 to 4.2 
mm. after correction. (The method of correction proposed by 
Christiansen, Douglas, and Haldane was used. In this 40 per 
cent of the total difference in CO, tension is subtracted as the 
effect of oxygen unsaturation.) The results obtained by our 
direct method and those obtained by the older, indirect methods 
are entirely incompatible. The new method gives more variable, 
but on the whole higher values. 

It may be objected that it is not proper to criticize a method 
that aims to measure the carbon dioxide tension of the mixed 
venous blood in the pulmonary circulation on the basis of data 
obtained from the analysis of venous blood taken from an extrem- 
ity. It may well be questioned whether the oxygen unsaturation 
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of the mixed venous blood of Cases 2 and 3 was as great as that 
found in the arm veins. The oxygen unsaturation in Case 3, 
Experiment -2, was 67.8 per cent and that of Case 2 was 76.7 
per cent. (Lundsgaard (27), Stadie (2), and Harrop (25) found 
no normal subjects with a venous oxygen unsaturation of more 
than 40 per cent.) But this cannot explain the whole difference 
between the results of the direct and indirect methods. The 
marked oxygen unsaturation will be at least partially compen- 
sated by a change in the carbon dioxide-combining capacity of 


TABLE VIII. 
Difference between Arterial and Venous CO,z Tension. 
(Calculated from ten normal cases presented by Harrop.) 


Difference | Difference 
between between 


Arterial Arterial Venous Wenous- 0a sadlarteral and 
ite Betnt. eeereotl eeeeae sda GOs cone Cosine capacity. 
tent. sion. 
vol. per cent| per cent |vol. per cent| per cent |vol. per cent} mm. Hg |vol. per cent 
1 51.8 97.5 57.2 74.3 5.4 8.8 2a20 
2 54.7 100.0 56.7 84.9 2.0 21 17.2 
3 52.9 94.3 55.9 64.4 3.0 6.0 16.3 
4 46.5 96.3 51.7 Gill 5.2 8.0 20.6 
5 44.8 95.1 48.3 80.8 3.5 6.5 18.7 
6 49.7 96.0 54.6 61.6 4.9 6.3 20.6 
7 48.1 96.3 52.2 75.0 4.1 7.8 14.4 
8 50.6 97.6 580 64.0 8.1 13.3 24.7 
9 53.3 94.4 60.4 73.5 Ga 1475) 18.9 
6.3 8.5 21.2 


10 44.6 99.0 50.9 61.8 
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the blood. Furthermore, it has already been shown that the air 
obtained by the Haldane method is not necessarily in equilibrium 
with the arterial blood, but may be as much as 9.5 mm. of CO 
tension too low. In this case the values for the venous CO: 
tension obtained by the Henderson method must also be too low, 
because the two have been shown to differ by only 4 to 7 mm. 

Three cases are hardly enough from which to come to very defi- 
nite conclusions, but it is possible, for general purposes, at least, 
to use Harrop’s figures. Harrop presents the carbon dioxide 


518 Carbon Dioxide Absorption Curve. I 


content and oxygen unsaturation of both arterial and venous 
blood from ten normal persons. He gives no absorption curves 
so that it is impossible to estimate actual arterial and venous 
tensions from his data. We can, however, deduce with little 
error the difference between arterial and venous tension by 
assuming an average slope of 4 volumes per cent of CO: for each 
10 mm. change in CO, tension at tensions that exist in the body. 
(The variations observed between 30 and 80 mm. are 5.75 to 
3.53 volumes per cent per 10 mm., the curves gradually approach- 
ing the horizontal as the tension increases.) Assuming such an 
average slope and employing our formula for correction for 
oxygen unsaturation we arrive at the results shown in Table VIII. 
The difference between arterial and venous CO, content is from 
2.0 to 8.1 volumes per cent, with an average of 5.0 volumes per 
cent. The difference in tension produced by such a difference in 
content is 5.0 to 20.0 mm. of Hg uncorrected for oxygen unsatu- 
ration, or 2.1 to 14.5 mm. after correction, with an average of 8.4 
mm. These values are of essentially the same magnitude as 
those we obtained. 


DISCUSSION. 


It has been shown that the alveolar CO. tension varies with the 
height of the absorption curve in such a way that if blood is 
brought into equilibrium at 37.5°C. with an air-CO, mixture of 
the same CO, tension as that of the alveolar air of the subject 
from whom the blood was obtained, the hydrogen ion concentra- 
tion of the blood so treated will be found to vary between pH 
7.40 and 7.30, with an average of 7.35. At the same time the 
hydrogen ion concentration of the arterial blood shows a varia- 
tion twice as great, from pH 7.45 to 7.23. The alveolar and 
arterial tensions are not identical. 

As has been pointed out (28), the alveolar CO, tension can be 
considered from two points of view: (1) As a measure of the 
arterial CO, tension; (2) as an indication of the functional condi- 
tion of the respiratory mechanism. As a measure of the arterial 
CO; tension it seems to be of less value than it has been com- 
monly considered. But this detracts nothing from its value as 
an indication of the functional state of the respiratory mechan- 
ism. It still remains the effective respiratory air. The real 
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significance of the fact that the CO, tension of this “effective 
air” varies with the height of the absorption curve may be better 
appreciated if it is stated in terms of effective ventilation. In 
this sense it is the portion of the respired air which effects the 
exchange of gases between the blood and the outside air. From 
the standpoint of carbon dioxide it is the portion of the expired 
air that effects the necessary CO, elimination. A knowledge of 
the carbon dioxide output and the alveolar carbon dioxide ten- 
sion is all that is necessary, therefore, to permit the calculation 
of the effective ventilation by the formula 


Ce. CO, expired per minute X 100 


= : = Effective minute volume?* 
Per cent COz; in alveolar air 


As the cc. CO, expired per minute under resting conditions is 
comparatively constant, one can say with sufficient accuracy for 
our purposes that the effective ventilation varies inversely as the 
alveolar CO: per cent. But as the latter varies with the height 
of the absorption curve, it follows that the effective ventilation 
must vary inversely as the height of the absorption curve. 

This can have but one result: it must tend to maintain the 
hydrogen ion concentration of the blood at a constant level. 
Why, then, do we find the variations in arterial pH so great? 
Because of the slope of the absorption curve small changes in the 
carbon dioxide content of the blood produce relatively large 
changes in the carbon dioxide tension. The carbon dioxide 
content of the blood must be largely dependent upon the carbon 
dioxide production in the body and must fluctuate with the least 
change in activity. It would be impossible for the alveolar air 
to follow these changes immediately and accurately without the 
destruction of the rhythmicity of respiratory activity. In this 
case an instantaneous cross-section of the respiratory system such 
as is presented in these experiments might show considerable 
temporary disturbances of normal relations. It is inevitable also 
that these should be most striking in that element of the system 
which is susceptible to the most rapid changes, the blood; and 


2 The principle on which this formula depends has been employed for 
estimation of effective ventilation by Campbell, Douglas, Haldane, and 
Hobson (Campbell, J. M. H., Douglas, C. G., Haldane, J. S., and Hobson, 
F. G., J. Physiol., 1913, xlvi, 301) and Haggard and Henderson (1). 
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least evident in the slowest moving portion of the system, the 
alveolar air. 

This would be an entirely satisfactory explanation of temporary 
differences between alveolar and arterial tension found in single 
observations; e.g., Case 2. But in Case 3 this difference was 
found on two different occasions and therefore appeared to be a 
constant and distinctive characteristic. of the subject. The 
pressure difference necessary to effect the passage of carbon 
dioxide from the blood in the lungs into the alveolar air is greater 
than has been supposed, in this case at least. This may mean 
that the invasion coefficient for CO, is not what it has been sup- 
posed. It more probably means that the term ‘alveolar air” 
has not an exact anatomical significance and that the respiratory 
air, even from the deeper portions of the lungs, is not of uniform 
composition and is not all in close communication with the blood 
in the pulmonary circulation. It may indicate that even in 
normal persons part of the blood passes through unventilated or 
incompletely ventilated portions of the lung. 

There must be material individual differences in reaction. 
If the charts of Case 1 and Case 3 (Charts 1 and 3) are compared 
closely, it is at once evident that every element of the latter lies 
considerably to the right of the corresponding element of the 
former. The mechanism seems to be set at a different point. 
One might. say that the respiratory system of Case 3 was rela- 
tively insensible to acid. In substantiation of this idea it was 
found in some previous experiments of a different sort that this 
subject presented a far greater tolerance to carbon dioxide in 
rebreathing experiments than did Case 1. The latter exhibited 
marked distress when the CO, of the inspired air rose to about 
8 per cent. At this point his respiratory rate became extremely 
rapid and his tidal air was maximal. At 8.5 per cent of COs, 
Case 3 had increased his tidal air to a maximum, but his respira- 
tory rate was almost unchanged and he experienced only mod- 
erate discomfort. 

Although it has been demonstrated that the difference in CO: 
tension between arterial and venous blood is very variable and 
may be larger than ‘was indicated by indirect methods, the corre- 
sponding difference in pH is astonishingly small. In Case 3, 
May 14 (Chart 3, Experiment 2), the difference in carbon dioxide 
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tension even after correction for oxygen unsaturation was 9.5 
mm. of Hg. The corresponding difference in pH was only 0.01. 
This is, of course, partly due to the slope of the absorption curve 
but far more to the effect of oxygen and the slope of the pH lines. 
When arterial blood is changed to venous blood the carbon diox- 
ide increase must bear a definite relation to the oxygen reduction. 
It appears from the charts that, in persons with a normal hemo- 
globin, these two factors very nearly equalize one another. That 
the effect of oxygen on the carbon dioxide absorption curve should 
tend to diminish the difference in hydrogen ion concentration 
between arterial and venous blood has already been pointed out 
by Christiansen, Douglas, and Haldane (9), Hasselbalch (10), 
Parsons (12), and L. J. Henderson (11). The quantitative rela- 
tions of the reaction have not been previously established. 

By comparison of the charts of Cases 1 and 3 it appears that 
the ability to maintain the hydrogen ion concentration unchanged 
in the face of alterations in the carbon dioxide is a variable one. 
Thus Case 1, May 19 (Chart 1, Curve 2), for a change of 0.8 mm. 
in CO, tension shows no change in the pH; while Case 3, May 14 
(Chart 3, Experiment 2), for 9.5 mm. of CO, tension shows a 
change of only 0.01 in pH. This is partly due to the fact that 
the pH lines, passing through the origin, become more nearly 
horizontal as the pH diminishes. In order to compensate for 
large carbon dioxide changes it is of advantage to work at a low 
pH, or, in terms of the charts, at the right of the chart. This 
advantage is further increased by the fact that the curves more 
nearly approach the horizontal as they pass to the right, so that 
the effect of oxygen is much more marked. This may be a fur- 
ther explanation of the greater tolerance of Case 3 for carbon 
dioxide in the inspired air. 

Haggard and Henderson (14) have taken the position that 
oxygen is without effect on the carbon dioxide absorption curve of 
blood and have placed their arterial points accordingly. The close 
agreement of the values obtained by Michaelis (21) on venous 
blood, by Hasselbalch (10) on blood equilibrated with alveolar 
CO:, and by us on arterial blood is perfectly incomprehensible if 
Henderson is right. The average difference in carbon dioxide 
content of arterial and venous blood of normal resting subjects as 
determined by Harrop (25) and the authors from thirteen persons 


522 Carbon Dioxide Absorption Curve. I 


is 5.5 volumes per cent. This would give a difference of 0.2 in 
pH on any normal curve. If the arterial pH is 7.4 to 7.2, the 
venous pH would then have to be 7.2 to 7.0, far below any values 
actually found. 


Miscellaneous Cases. 


Although our interest lay primarily in the study of cardiac 
decompensation and anemia, two patients with other conditions 
were subjected to complete experiments. As they belong to 
neither of our special pathological groups they are reported here. 
One of these had a moderate polycythemia without splenomegaly, 
Case 4 (Chart 4). This was not sufficient to alter his absorption — 
curve in a very striking manner, although it shows a slope slightly 
in excess of the normal. In other respects his chart is indistin- 
guishable from that of a normal person. Again we may note a 
difference of 10: mm. between the alveolar and arterial carbon 
dioxide tensions, in spite of the absence of signs of pulmonary 
and cardiac disease. 

Chart 5 is obtained from a patient with advanced chronic 
nephritis and hypertension. His curve lies at the lowest limit of 
the normal range and may indicate some reduction of the alkali 
of the blood. In spite of Cheyne-Stokes respirations there is no 
evidence of any retention of carbon dioxide, as the arterial pH is 
7.37. The arterial-venous difference in carbon dioxide is surpris- 
ingly small. 

In both eases arterial and venous pH are identical. 


SUMMARY AND CONCLUSIONS. 


The carbon dioxide absorption curve of human blood from 
three normal subjects has been determined. 

The limits of variation of curves obtained from the blood of 
normal persons agree with those reported by previous observers. 
The limits of the carbon dioxide capacity of normal blood at 40 
mm. of CO, tension and 37.5°C. are 43 and 56 volumes per cent 
with an average of 49 volumes per cent. Curves of different 
individuals vary in height and to a lesser extent in pitch. The 
curve of any given individual is quite characteristic and remains 
constant over a considerable period of time, as has been pre- 
viously demonstrated by Christiansen, Douglas, and Haldane. 
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A direct method for the estimation of the arterial and venous 
carbon dioxide tension of human blood is described. It has been 
employed on three normal subjects at rest. The hydrogen ion 
concentration of arterial and venous blood has been calculated by 
means of the H.CO;:BHCO; ratio. At the same time the alveolar 
carbon dioxide tension has been determined by the method of 
Haldane and Priestley and compared with the arterial carbon 
dioxide tension found by the direct method. 

1. The alveolar carbon dioxide varies, in general, with the 
height of the absorption curve in such a way that the hydrogen 
ion concentration of the blood of an individual equilibrated with 
an air-CO, mixture of the same CO, tension as that of his alveolar 
air, will fall between the limits of pH 7.42 and 7.29. 

2. Although the relation of alveolar CO, tension to height of 
absorption curve shows this variation in a study of a number of 
persons, it is constant and characteristic for any one individual. 

3. The arterial carbon dioxide tension shows about twice as 
great a range of variation in relation to the height of the absorp- 
tion curve. In consequence the arterial pH varies from 7.23 to 
7.45. The pH of any one individual is constant and characteristic. 

4. The alveolar CO, tension is not always the same as the CO, 
tension of the arterial blood. It may be as much as 10 or 11 
mm. lower. 

5. The carbon dioxide tension of venous blood from an arm 
vein is higher than the values which have been obtained by the 
rebreathing methods for mixed venous blood. The difference 
between arterial and venous tension is variable. It averaged 6 
mm. but may be as low as 0.8 mm. or as high as 10 mm. Cal- 
culations based on the figures for CO, content of arterial and 
venous blood given by Harrop substantiate our results. 

6. Values have been corrected for the effect of oxygen unsatu- 
ration on the carbon dioxide-combining capacity of the blood. 
An empirical equation for such correction is presented. 

7. In spite of the large difference between arterial and venous 

-earbon dioxide tension, the pH of the two is almost identical 
largely because of the effect of oxygen on the carbon dioxide- 
combining power of the blood. It is pointed out that unless such 
a mechanism were present to reduce fluctuations in hydrogen 
ion concentration, the values found by other observers for the pH 
of venous blood would be impossible. 
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EXPLANATION OF CHARTS. 


In all charts the ordinates represent the total carbon dioxide content of 
the blood, expressed in volumes per cent of gas, dry, at 0°,760 mm. The 
abscissa represents carbon dioxide tension in mm. of mercury. 

That portion of the absorption curve which was experimentally deter- 
mined is indicated by a solid black line. Extrapolated portions of the curve 
are indicated by broken lines. In all the pathological cases the limits of 
variation of the normal absorption curve are shown enclosed by broken 
lines. 

The pH values are calculated by means of the formula of Y. Henderson. 

The arterial points are shown as solid circles. The values uncorrected 
for oxygen are marked A; the corrected values are marked A’. The venous 
points are indicated by solid squares. The uncorrected points are marked 
V, the corrected points V’. 

The alveolar carbon dioxide tension is indicated in those instances in 
which it was obtained. The plasma carbon dioxide-combining capacity 
is also shown in some cases, expressed in terms of the alveolar carbon diox- 
ide tension with which it should agree in normal persons, according to 
Van Slyke. The case numbers and chart numbers follow the numbering - 
of the protocols. 
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Cuart 1. 


Case 1. J. P., normal subject. 
Experiment 1. Feb. 27, 1920. 
CO, absorption curve: 


Carbon Dioxide Absorption Curve. 


f 


CO. tension, mm:.F7g. 0.0.0.6. ...05 73.4 47.5 25m 
CO;, vol. per cnt... ses. cnncenes BAD «Eee 
66.5 56.9 37.6 
CO, content of venous blood, vol. per cent............2.005 57.1 
57.5 
Experiment 2. Mar. 5. 
CO; absorption curve: 
COs TENSION, 11. LLG, «cain ctg ar sie 20.3 40.5 65.6 
GO: vel. per cent ss... .caxnoeeavc BOLE . ocd rn 
40.0 56.3 
CO: content of venous blood, vol. per cent. ..........220005 64.3 
64.3 
Experiment 3. Mar. 12. 
Minute -volume. of. respirations, 66... 5... <<! nies emt aeeree 7,150 
‘Tidal air 520 cc. Respirations per min................ 13.7 


‘COz in expired air 4.29 per cent. COs output pe 


rmin.,cc. 306 


Alveolar CO, before determining minute volume, mm.... 41.4 
rhe COs, .“ arterial puncture, 71....5...c.uneee 39.6 
y CO, after rs t  ” Seeps gee 37.7 
CO, absorption curve: 
COs tension min. LG.) 28 tn ma coos 744.1 47.6 12.2 
COs, vol per, CONE... << teen aes = 8 Oe 58.7 34.7 
67.4 
CO, content of arterial blood, vol. per cent............ 54.0 
54.2 
CO; S “venous .+** Me Patton 62.2 
61.7 
Difference between arterial and venous CO; content, vol. 
DEN CONES . on 5 oa oicwind Staraiie ol tunel» wei aisha ees rae 7.9 
‘CO, capacity of venous plasma (50.2 mm. Hg), vol. per 
(| ee ere en aetreere 73.0 
O, content of arterial blood, vol. per cent................ 19.8 
QO; capacity of blood, vol..per cent. . .........-+s een 22.5 
O: saturation of arterial blood, per cent...... 88 
Experiment 4. May 19. 
Alveolar CO, before arterial puncture, mm.............. 38.2 
a CO, after i * iC ois tet 37.2 
37.0 
CO, content of arterial blood, vol. per cent............+. 54.4 


“cc “ce “ce “cc 


CO, f “ venous Bik 


ee ey 
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Difference between arterial and venous scabs vol. ey cent. 1.5 
O» capacity of blood, vol. per cent.............:........ 22.1 
22.5 
O2 content of arterial blood, vol. per cent................ 21.5 
O. =o “* venous te Se IN Bete tO 18.3 
18.7 
Ws consumption, vols per cent... . . 2... esedee once. cee. 3.0 
O2 saturation of arterial blood Sper centrist i 45 eae 96 
O2 a “venous “ eee Et nd ae 83 
Respiratory quotient of blood. .*..........-.6.... <<... 0.50 


75 
70 


aD 
o 


oT 
[=] 


Bb 
st} 


(e%) 
oOo 


Volumes per cent C0, 


Do 
S 
Ht 

e3 
e33 
bbs 
oH 
4tt 


Ss 
: 


10 80 ae 8G OO, ee 
CO, tension in mm. Hg 


Cuart il. 1. Experiment of Mar. 12. 

2. Experiment of May 19. The absorption curve was not determined 
with this experiment. The absorption curve employed is the average of 
three determinations made on J. P. on different occasions. 
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-CHarT 2. 


Case 2. W. S. M. ‘Normal subject. 
Experiment 1. Feb. 13, 1920. 
CO: absorption curve: 


CO, tension, im, Hg: .3<\<caewer cee 13:7 . 80/6) faeee 
Oz. U0ly Der CON. 2 0s... cere 66.6 gible 
35.5 70.0 
CO: content of venous blood, vol. per cent...........202000: 63.8 
64.3 


Experiment 2. May 21. The arterial puncture was rendered difficult 
by an arterial anomaly. Three punctures were necessary before blood was 
obtained, causing considerable pain and discomfort. The arm was held 
rigid during the venous puncture. 


Alveolar CO, before arterial puncture, mm...............+.. 33.5 
a CO, after * ig <3. 40 eee 34.3 
36.7 
CO, absorption curve: 
5 GENAION,. 1270: Fg. . seeitione & - <c- 94.0 60.2 36.3 
COz, vol. per cents . 02. cig eens. (08.1 + SG ee 
68.3 46.1 
COz content of arterial blood, vol. per cent............ sia 50.5 
. : 51.3 
SO, “ ** venous fo Bho er 58.9 
59.9 
Difference between arterial and venous COk, vol. per cent... 8.5 
O:; capacity of blood, vol: per cent..........< 515 42-5 «oe 24.9 
©, content: of arterial blood, vol. per cent......:...+..ee eee 21.9 
AO Sera “venous “ s FO ee bie Oh crs 5.8 
Oz consumption of blood, vol. per cent....... se Al 16.1 
Oz saturation of arterial blood, per cent................... 88 
Oz e “* venous Be ee ee ony al sie oe ee 


Respiratory quotient of blood =. |... 22.2222 =... see eee 0.53 


‘ 


oe 


S 
ovo 
ca 
8 
tS) 
S 
oO 
a 
3 
= 
= 
©) 
> 


estate i rf 
fi i 


fact ecbagaet ee ate rer te ee epaet 
LC ae 


CO, tension in mm. Hg 
CHART 2. 
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CuaRrt 3. 


Case 3. D. P. B. Normal subject. 
Experiment 1. Mar. 26, 1920. 


Alveolar CO: before arterial puncture, mm................. 38.5 
38.8 
” CO, after os ve Sr 38.2 
CO: absorption curve: u 
CO; TeUsIOM. MIN. AG oo... 0.2 erie ox 85.1 45.0 8.9 
COs, vol: per cent... 0 cases esseees 60/9 4554) Ree 
61.3 26.0 
COz content of arterial blood, vol. per cent...............+ 45. 


CO, 4) )  WENOUS OO TRS es EEE: 53. 

Difference between arterial and venous COs, vol. per cent... 7. 

CO; capacity of venous plasma (48.3mm.Hg) “ “ “ ... 62. 
Experiment 2. Mar. 29. 


Alveolar CO:z before venous puncture, mm................ 89.5 

38.7 

f CO, after a as “ uo. a 

CO» absorption curve: 

GO, tension, mii,“ ge aso. ne eee 70.1 41.5 20.1 
COs, vol. per CONE... 0.6. tavas eae 09.9 » ee 
59.9 4720 aves 

CO: content of venous blood, vol. per cent... ..........+6- 57.7 

57.3 


CO, capacity of venous plasma (45.4 mm. Hg), vol. per cent.. 65.9 
Experiment 3. May 14. 


Alveolar CO, after arterial puncture, mm................. 37.4 
CO, absorption curve: 
GO; tension, mm. ge aes: .0 ss ee 45.2 23.5 96.0 
GOg; vol: per cent on Tee re a Se 35.0. Gly 
46.1 35.2 61.9 
CO, content of arterial blood, vol. per cent................. 47.6 
48.1 
CO, Sh PSS SF ATER evtee py OM Seer 56.2 
56.2 
Difference between arterial and venous COs, vol. per cent... 8.8 
©; capacity of blood, val: percent. .... 2.222.525 2 eee tae 21.4 
O; content of arterial blood, vol. per cent.............2++255 19.8 
On re * Venous’ ee NE anh 6.9 
Oz consumption, vol. per cent... . ii. weds. « oe eee 12.4 
Oz saturation of arterial blood, per cent.................-- 90 
Oz + ““-venous: “6 Me is ee 


Respiratory quotient of blood......2-eeet eee 0.67 


Volumes per cent C0z 
Cet 
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pH 740 735 730 725 720 715 
710 


ee 2 e0 0 0 (60a 4 i 
CO, tension in mm. Hg 
Cuart 3. 1. Experiment of Mar. 26. 
2. Experiment of May 14. 
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CuHart 4, 


Case 4+. H.R. Polycythemia. Male, age 36 years. Russian, fireman. 
History of attacks of dizziness and fainting at intervals for 18 months. 
For 1 year slight dyspnea on exertion and sharp pains in muscles. Feels 
lethargic and sleepy in the day time, but restless and wakefui st night. 
Has to get up two or three times every night to urinate. 

Very large man with florid complexion, whose respirations seein some- 
what labored. Does not appear to be ill and lies quietly in bed. Tonsils 
very large and ragged. Lungs clear. 

Blood Wassermann negative. Urine negative on two examinations. 
Fasting blood sugar 130 mg. per 100 ce. 2 hours after 109 gm. glucose by 
mouth, the blood sugar was still 235 mg. per 100 cc. and he excreted sugar 
continuously for 24 hours. 

Several blood counts gave red blood cell figures varying from 7,800,000 
to 8,100,000 in both venous and finger blood. Temperature and pulse 
normal. 

Experiment 1. Apr. 12, 1920. 

CO, absorption curve: 


CO, tension, mm. Hg...... 76.5 67.9 53.6 ‘5.4 
COssool; pericent . <3. 3 toes GUO 56.8 50.3 20.7 
58.6 
O; capacity of blood, vol. per cent... ......< 2.01 + see 23.4 


Experiment 2. Apr. 28. Has been on a low calory diet with low carbo- 
hydrate for i week.. Respirations quieter than at last observation. Slight 
cyanosis of finger-tips. 


Alveolar CO, before arterial puncture, mm................. 34.7 
35.9 
o CO; after ‘és He (Cale a 6 tence 33.6 
CO, absorption curve: 
GO, tehgion } mint.) Has sone aon aa ee 50.2 18.5 
CO. Wel: per Cenk svt at. oc eee 54.6 31.8 
52.8 382.9 
CO, content of arterial blood, vol. per cent.............+4-- 50.9 
49.9 
CO, “« _“ venous 66 ON SS so 60.5 
59.9 
Difference between arterial and venous COs, vol. per cent... 9.8 
CO, capacity of venous plasma (47.7 mm. Hg), vol. per cent. 68.6 
Oz x “ blood, vol. per cent..... fata 23.9 
Oz content of arterial blood, vol. per cent.............+.+4.. 22.6 
OG; “venous “ 6S ed oe 8.1 
O; consumption, vol. per cent 23s... 2... 2. sch eee ee 14.5 
Oz saturation of arterial blood, per cent................... 95 
Oz . “venous “ ME 


Respiratory quotient of blood... ......s..:.0. + sae 0.68 


‘Volumes per cent C02 


ee: 
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pH 740 73) 730 725 120 


LL 


CO, tension inmm. Hg 


Cuart 4. Experiment of Apr. 28. 
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“CuHart 5. 


Case 5. H. G. Chronic cardionephritic. Male, age 60 years, real 
estate agent. Looks chronically ill. Quite pale. Cheyne-Stokes breath- 
ing with very short periods of apnea. Spastic paralysis of left leg and weak- 
ness of muscles of right side of face. Somewhat irrational with loss of 
emotional control. 

Fine rales over left lung at end of inspiration. Heart enlarged to the 
left, with diastolic murmur over the aortic area and at the apex. Frequent 
extra systoles. Pulse 64 to 84. Blood pressure: systolic 160, diastolic 90 
(has been above 200). Urine shows trace of albumin, no casts. Specific 
gravity 1.008. Non-protein nitrogen of blood 53 mg. per 100 ce. 

Blood count: 4,700,000 red blood cells. 

Experiment 1. May 24, 1920. Moderate cyanosis of face and hands. 
Some dyspnea with Cheyne-Stokes breathing. Arterial blood withdrawn 
during about equal portions of dyspneic and apneic periods. 

CO, absorption curve: 


CO, tension, min. Hg. ccs ee ke 82.1 28.6 45.3 
COs, Wola nericent -a e eEE ROn eo 38.9 46.9 
53:5 - 38.3," ) 4828 
CO, content of arterial blood, vol. per cent...............-- 40.4 
41.4 
CO2 ("= ®* svenous. 8 co IO | See 42.7 
44.0 


Difference between arterial and venous COs, vol. per cent... 2.4 
CO:z capacity of venous plasma (36.6 mm. Hg), vol. per cent. 53.3 


O2 7 “* blood; vol. per cent. %... ... 65... 
Oz content of arterial blood, vol. per cent.................-- 13.8 
Oz «  “ venous Ce ee Ce nie ee 9.3 
O2 consumption of blood, vol. per cent... ..........52.0-eeee 4.5 
O» saturation of arterial blood, per cent................... 84 
Oz og ** venous ae PEPE te coc o5 Gao at 


Respiratory quotient:of blood. 2... ...2..0.. 00+. eee 0.53 
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pH 740 735 730 
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CO, tension in mm. Hg 
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Miscellaneous Protocols. 


Case 21. Jno. K. Diabetes mellitus. Male, age 21 years. Diabetes 
mellitus of about 7 months duration, moderately severe. Admitted Apr. 
5, 1920, with blood sugar of 256 mg. per 100 cc. and marked glycosuria. 
Emaciated. Skin dry. Cheeks flushed. No dyspnea nor hyperpnea. 
No cyanosis. Heart and lungs negative to physical examination. 

Experiment 1. Apr. 6. 


PRUE OIE Os 410-3 <5 Wis. 3 wine as Ak susp ee Se 30.0 
29.7 
é 30.8 

CO, absorption curve: 

CO: tension, mm. Hg...... 82.9 68.1 32.7 14.1 
COz; vols per cent... .<...2 58.2 53.1 37.6 27.5 
CO: capacity of venous plasma (34.9 mm. Hg), vol. per cent.. 50.7 
Oz oe pe sbloodsvol. per Cent... <1 aaa. 19.2 


Case22. I. M. Diabetes mellitus. Male, age 52 years, married, suit 
presser. Diabetes of about 7 months duration, rather mild. Well nour- 
ished and developed. No dyspnea or hyperpnea. No cyanosis. Blood 
sugar 202 mg. per 100 cc. Heart negative. Blood pressure: systolic 140, 
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diastolic 88. Lungs show few, scattered, moist rales. Discharged from 
hospital sugar-free on diet containing 1,650 calories. 
Experiment 1. Apr. 14, 1920. 
CO, absorption curve: 


Or dension, 9. Wg ..2..o.. sess. Tigk 18.1 58.4 
WOT Ol ER CEL. vob. whee hewn es 56.1 29.4. 51.1 
59.0 “323 
CO: capacity of venous plasma (40.9 mm. Hg), vol. per cent. 59.5 
Oz a “blood, vol. per cent. ers eae ee . 24.4 


Case 23. I.S. Diabetes mellitus. Male, noe oem ine cutter. 
Diabetes of moderate severity for 2} years. Emaciated, drowsy. No 
visible signs of dyspnea or hyperpnea. No cyanosis. Lungs and heart. 
negative. Slight pitting edema of the ankles. Blood sugar 274 mg. per 
100 cc. Urine shows considerable sugar and acetone. Temperature and 
pulse normal. 

Experiment 1. Mar. 31, 1920, 

CO» absorption curve: 


COs tension. 71mg ee eee eee 76.0 49.3 28.3 
COs. vol. penmcent se sauce OLeO 49.3 39.5 
48.0 38.5 
COs: capacity of venous plasma (43.7 mm. Hg), vol. per cent. 63.5 
Oz pe 2s ‘bloods vol. percent. 15 ae. seer 17.9 
18.2 


Case 24. D. A. Diabetes mellitus with vulvar abscess. Old woman 
with senile dementia and diabetes of long standing, complicated by an 
extensive cellulitis of the vulva. Breathing quietly. Slightly cyanotic. 
Blood sugar 333 mg. per 100 ce. 

Experiment 1. 

CO: absorption curve: 


CO2 tension, Wi. 25.0. >. cne- =: 78.4 42.3 17.8 
CO> 001 per CEntens Se OA ee OLEG 42.4 27.4 
61.5 44.0 28.9 
CO:z content of venous blood, vol. per cent...........-++++0 56.8 
57.5 
CO, capacity of venous plasma (46.8 mm. Hg), vol. per cent. 68.0 
Oz «© plood, vol. per cent. ‘ vane . 23.8 


Case 25. E.C.- Emphysema with aaah indine decompensation. 
Experiment 1. 


CO: absorption curve: 


CO; tension, un: gin. «pcan: ... 82.2, age 
COs Vol per CONE OS tare as coe ae eee 70.2 44.5 
68.8 44.6 

©; capacity of blood, vol..per vent... 222... Scan ee 22.3: 


II. THE CARBON DIOXIDE ABSORPTION CURVE AND 
CARBON DIOXIDE TENSION OF THE BLOOD 
IN CARDIAC DYSPNEA. 


By JOHN P. PETERS, Jr., anp DAVID P. BARR. 


(From the Russel Sage Institute of Pathology in affiliation with the Second 
Medical (Cornell) Division of Bellevue Hospital, New York.) 
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INTRODUCTION. 


In cardiac dyspnea the carbon dioxide tension of the alveolar 
air as determined by the Haldane method is lower than normal in 
comparison with the plasma bicarbonate as measured by means 
of the Van Slyke pipette (1, 2). The ratio between these two 
in health and in most pathological conditions has been shown by 
Van Slyke, Stillman, and Cullen (8), Walker and Frothingham (4), 
and Peters (1, 5) to be very close, varying from the mean by 
only 10 per cent. The existence of such a close relation might well 
be expected in the light of current theories with regard to the 
physicochemical control of the respiratory mechanism. That 
this relation should be disturbed in cardiac dyspnea is hardly 
extraordinary. 

In the average normal person at rest carbon dioxide content, car- 
bon dioxide tension, and hydrogen ion concentration of arterial and 
of venous blood all vary within comparatively narrow limits both 
individually and’ in relation to one another. Furthermore, the 
physicochemical regulatory mechanism is so delicately adjusted 
that changes in any of these factors are reflected in an immediate 
response on the part of the respiratory mechanism, which produces 
a compensatory alteration of the alveolar CO;. As long as the © 
sensibility of the respiratory center and the mechanical facilities 
for the exchange of gases between the blood and the air in the lungs 
remain unaffected, changes in any of these factors are instantly 
compensated by changes in one or all of the others. If either the 
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sensibility of the respiratory center or the mechanical facilities 
for the elimination of CO, in the lungs are impaired, one or all of 
the normal interrelations must be disturbed. 

In cardiac decompensation, with dyspnea, there is evidence that 
the efficiency of the lungs .as a means for the oxygenation of the 
blood and the elimination of CO. is greatly reduced (2, 6). There 
is also a possibility that the circulation is retarded. 

In an attempt to throw some light on the exact cause of the dis- 
crepancy between alveolar and plasma values we first devoted our 
attention to a study of those factors of the respiratory system that 
may be termed mechanical: the function of the lungs and the 
upper respiratory tract. The results of this study have been 
published. It was found that air obtained by the Haldane method 
from patients with cardiac dyspnea was comparable in a func- 
tional sense to that obtained from trained normal subjects (2). 
That is, the air so obtained was the air employed for the exchange 
of gases between the blood and the outside air and was the only 
air available for this purpose. Realizing the objections that might 
be raised to the use of the term ‘‘alveolar’” air in this sense, we 
suggested the terms ‘effective’ or “exchange” air. By this 
means we evaded the criticisms which had been advanced by 
Siebeck (6). The latter, in the course of some studies of the lung 
volume in cardiac decompensation, came to the conclusion that 
the lungs in this condition failed to function efficiently as a tono- 
meter. He decided that the mixing of gases in the lungs was im- 
perfect and that methods for obtaining alveolar air were inap- 
plicable. However, he considered the alveolar air only as a means 
of ascertaining the carbon dioxide tension of the arterial blood. 
Although our findings were not entirely in accord with Siebeck’s, 
no attempt to controvert his statement was made. The question 
of the relation of alveolar CO, to arterial tension was entirely 
ignored, although its importance was fully recognized. Further 
studies convinced us that the effective lung volume was dimin- 
ished (7) and the effective ventilation increased (8) in cardiac 
decompensation. Pearce (9) had proposed as an explanation of 
the disturbance of the alveolar: plasma ratio a retarded circulation. 
In view of the changes in the lung volume and the findings of Sie- 
beck, however, this could not be definitely proved by the ordi- 
nary respiratory methods. Pearce assumed what Siebeck denied, 
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the applicability of alveolar methods as a means of determining 
arterial CO: tension. Even in normal subjects such an assump- 
tion seemed’ to be open to some criticism. The only direct evi- 
dence of a definite relation between alveolar and arterial CO, 
tension was given by Krogh and Krogh (10) in some tonometric 
experiments on animals. There was no evidence of any kind that a 
similar relation existed in diseases involving disturbances of the 
respiratory mechanism. Obviously it was necessary to find a 
means to measure the arterial CO, tension and to compare this 
with the alveolar CO; tension. For this reason the method de- 
scribed in the first paper was employed in the study of patients 
with cardiac decompensation. The CO. absorption curves of 
seven patients were obtained one or more times. Complete exper- 
iments were made on four cases out of seven. The results of 
these experiments are collected in Table III, arranged as were those 
of the normal subjects in Table VI of Paper I. Detailed protocols 
of all seven cases are presented at the end of this paper. 


Level of the Absorption Curve in Cardiac Dyspnea. 


The absorption curves of normal individuals fall within certain 
definite limits and are constant and characteristic for any given 
individual. This is far from the case in pathological subjects. 
The variations in both group and individual are considerable. 
The limits of normal variations in height are about 43 to 56 vol- 
umes per cent. The limits of variation of twenty-two patients 
with various pathological conditions were 32.4 to 70.2 volumes 
per cent, about three times as great. It is probable that a study 
of more patients with a greater variety of pathological conditions 
would show a still greater range of variation. In relatively few 
cases has more than one observation been made; but in these few 
the changes in height at different times are also quite striking. 
The maximum change observed was in Case 11, whose curve rose 
from 36.2 to 51.1 in the course of 4 days. Such fluctuations are 
not restricted to conditions of recognized acidosis, such as is found 
in diabetes mellitus or in nephritis. They occur also in cardiac 
valvular disease and in severe anemia. 

The height of the absorption curves of seven decompensated 
cardiac patients, on whom eleven observations were made, varied 
from 32.4 to 52.0 volumes per cent, with an average value of 44.7 
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TABLE I. 


Absorption Curve at 40 Mm. CO, Tension in Seven Patients with Cardiac 
Decompensation and Dyspnea. 


Case. 5 Diagnosis. CO: content. 


vol. per cent 


6, G. B: Paroxysmal tachyeardia. Some dyspnea; con- 
siderable cyanosis; fluid in right pleural cavity 
and in abdomen; edema of both ankles; tem- 
perature 103° 25 wn lte EC Lae a0 45.4 


7. J. D. B. | Aortic regurgitation. Mar. 19. Able to be up 
and about ward, but showed moderate dysp- ~ 

nea and orthopnea, with faint cyanosis .of 
lips and finger-tips even while at rest......... 45.0 
Apr. 30. Condition practically unchanged..... 47.5 


8. E..H. Mitral stenosis; auricular fibrillation. Marked 
dyspnea and orthopnea; considerable cyano- 
sis; general edema; hydrothorax and ascites..| 47.5 


Whe Pe KS Mitral stenosis; auricular fibrillation. 
Apr. 16. Extreme cyanosis; moderate hyperp- 

mea and Cdema.. o.. co. wc sc wes 2 ee 36.2 
Apr. 20. Cyanosis and hyperpnea improved....| 51.1 


10. J. M. Mitral stenosis; auricular fibrillation. 
Apr. 9. Extreme cyanosis; moderate dyspnea 
BIN CAEMS«.c5ii5 < Sa leisis, » ix.» 2 vg sel 38.7 
Apr. 23. Cyanosis continues; dyspnea and 
edema gone; still some hyperpnea............ 48.1 


9. P.O. 8. | Aortic regurgitation. 
Mar.9. Marked’dyspnea with irregular beeaite 
ing. Moderate cyanosis; considerable edema 


with hydrothorax.... o:..... 0s kas eee 52.0 
Mar. 23. Symptoms steadily increasing....... 48.1 

Ee Ore OF Mitral stenosis. Marked cyanosis; moderate 
hy perpiied <x)... ..u xe beet etek ee 32.4 
raxamuths 35'S. 0. OS ee cree Ee eee 52.0 
Abt voe 000 ee SM rsc eer 32.4 


ANGEBSO Tritech cusses ts neeRee eee ee 44.7 


J. P. Peters, Jr., and D. P. Barr 541 


volumes per cent (see Table I and Fig. A). Of the seven patients 
three showed a definite reduction of the alkali reserve of the 
blood during the stage of most severe decompensation. Later 
observations on two of these, at the time when compensation was 
becoming reestablished, gave normal values. The other four 
cases showed no departure from the normal as regards the height 
of their curves. 


pH 82816079 78 77 76 AS. 71 


a ae oa — 
tS Lo 
oe . 

pogo eee 


a 
: any et 


Bb ga et a 
- ee Lo 


= faerie reeset 


nye 
Bae a 


Volumes per cent CO, 


- 


ee 


CO, tension in mm. Hg 


Fig. A. A comparison of limits of absorption curves of normal and 
eardiae subjects. 
Limits of cardiac curves. 


Mei aie ioe Limits of normal curves. 


A low absorption curve is not a characteristic of the condition 
of cardiac decompensation. What factors determine the presence 
of such a curve in certain cases is not clear. As we shall show 
later, there is a relative retention of carbon dioxide in the arterial 
and venous blood of the cases with acidosis. This, in itself, should 
tend to produce an increase rather than a reduction of the alkali 
reserve, according to Henderson and Haggard (11). 
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It has been demonstrated by several observers, using various 
methods, that reduction of the partial pressure of oxygen in the 
blood produces a reduction of carbon dioxide tension and carbon 
dioxide content of the blood (12-15). However, in these studies 
the reduction of oxygen tension was produced in such a way that 
CO. was not allowed to accumulate in the blood. Whether a 
_ similar reduction in the level of the absorption curve will be pro- 
duced by low oxygen in the presence of CO. accumulation has 
not been determined. That there is a certain amount of oxygen 


TABLE II. 
Eoranamson of CO, Capacity of Whole Blood and Oxygen Unsaturation of 
Blood. 
CO2 |Oxygen|  Qayeet ose 
Subject and diagnosis. Date. Sty of. preps oo eee 
blood. | blood. |Arterial] Venous |Arterial| Venous 
blood. | blaod. | blood. | blood. 
1920 Po ee Peps: se eed per centiper cent 
i ee ete aes NOTTS em eee Mar. 12) 55.9 | 22.5 | 1938 88.0 
745 *1D)5 pel Sa ee ee May, 14) 48.6 | 21.4 | 19.3 | 6.9 | 90.2 | 32.2 
SemVee IML. ace Se tes, 21) 48:2 | 24.9} 21.9 | 5.8 | 88.0 | 23.3 
4.M. C. Asthma and 
emphysema........ 12) 49.0 | 21.3 | 17.2 | 1107 S0see eee 
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unsaturation in the arterial blood and a very marked degree of oxy- 
gen unsaturation in the venous blood of some patients with cardiac 
decompensation has been shown by Harrop (16). As the most 
notable feature of the three patients with low absorption curves 
was a degree of cyanosis out of all proportion to the degree of 
dyspnea and hyperpnea, it seemed possible that the height of the 
absorption curve might bear some relation to the degree of oxygen 
unsaturation of the arterial and the venous blood. 

That no such relation can be clearly established in our cases is 
evident from Table II, in which are shown the height of the carbon 
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dioxide absorption curve, and the oxygen content and saturation 
of both arterial and venous blood. At least, if the low curve is 
due to oxygen unsaturation, this is not the only active factor. 

Although the restoration of compensation was associated with 
a return of the absorption curve to its normal level in Cases 10 
and 11, the height of the absorption curve is no indication of the 
severity of the cardiac decompensation. The three cases with 
low curves were discharged from the hospital improved, while 
Cases 6, 8, and 9 with normal curves, failed to improve and died 
shortly after the observations reported. 

There was nothing in the clinical picture to suggest a neplieliie 
acidosis in any of these cases as the cause of the low absorption 
curves. Rather complete renal functional studies were made in 
Case 10. His blood non-protein nitrogen was only 43 mg. per 
100 ec. and his phenolsulfonephthalein excretion 60 per cent in 2 
hours. 

We are then left to the conclusion that cardiac decompensa- 
tion is sometimes associated with a real reduction of the alkali 
reserve of the. blood, which disappears when compensation is 
reestablished. Why this should occur in some instances and not 
in others is not explained. 


Arterial and Venous Carbon Dioxide Tension and Hydrogen Ion 
Concentration and Alveolar Carbon Dioxide 
Tension in Cardiac Dyspnea. 


Complete experiments were made on four out of the seven cases 
with cardiac decompensation. The results of these experiments 
appear in Table III (arranged as were those of the normal subjects 
in Table VI, Paper I), and in Charts 7, 10, 11, and 12 inclusive. 
If the general averages in Table III are compared with those in 
Table VI, Paper I, the following points of distinction appear: 

1. Although there is little difference in the range of variation 
of arterial CO, tension in the two tables, the CO2 tension during 
cardiac dyspnea is high in relation to the level of the absorption 
curve because the absorption curves are low in three of the four 
subjects. 

2. The consequence is that the arterial pH values in cardiac 
dyspnea are on the average lower than normal, indicating a carbon 
dioxide retention in the arterial blood. 
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3. The alveolar CO, tension is, as has been previously pointed 
out, lower than normal. It is variable in relation to the absorp- 
tion curve and may be, as in Case 12 (Chart 12), comparatively 
high, giving an alveolar pH far below the normal limits. 

4. The difference between alveolar and arterial CO, tension is 
consistently increased. In five experiments on dyspneic cardiac 
patients this difference never fell below 13 mm. and in one case 
it reached the astonishing figure of 19 mm. 

5. The venous CO, tension falls within normal limits, but, like 
the arterial, is high in relation to the level of the absorption curve. 

6. There is no consistent increase in the difference between 
arterial and venous CQO, content or tension, although in one or 
two instances both were slightly above the normal limits. 

When each of these factors is studied 1n relation to the individ- 
ual subjects of these experiments, it is apparent that only one is 
definitely and consistently present in every instance of cardiac 
dyspnea: this is the increase in the difference between alveolar 
and arterial CO, tension. 

Although the average arterial CO, tension is relatively high 
and the arterial pH, in consequence, lower than normal, in Cases 
7 (Chart 7) and 10 (Chart 10) the pH of the arterial blood is quite 
within normal limits. Can one say, then, that a carbon dioxide 
retention is characteristic of cardiac dyspnea, or does it occur only 
‘In certain cases, possibly those who show a considerable reduction 
in the height of the absorption curve, asdo Cases 11 and 12? Un- 
fortunately the range of variation in the normal arterial pH makes 
this question hard to answer. Absolute values are of little assist- 
ance in judging relative factors. Our results suggest that different 
normal subjects maintain the pH of their arterial blood at differ- 
ent levels. Furthermore the resting arterial pH level seems to be 
characteristic and constant for a given individual, as is the level 
of the absorption curve itself. In this case an arterial pH which 
is normal for one individual might mean a considerable retention 
of carbon dioxide in the case of another. 

The statement was made above that there was nothing char- 
acteristic about the height of the absorption curve of the blood 
of patients with cardiac dyspnea, but that in certain cases low 
curves were found, indicating a diminution of the available alkali 
of the blood. We were then considering the absolute level of the 
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absorption curve. Again attention must be called to the fact 
that we are dealing in relative values only and that absolute levels, 
although satisfactory for purposes of clinical study, give little 
information with regard to functional changes in physiology or 
pathology. In order to ascertain whether a given pathological 
condition has changed the level of either the absorption curve or 
the arterial pH of an individual, it is not’enough to know the 
limits of variation of normal individuals as a group. It is neces- 
sary to know the normal resting absorption curve and arterial 
pH of the given subject under investigation. In clinical investi- 
gations this is not always possible. Patients with severe cardiac 
dyspnea do not invariably recover. Of our seven cases three 
died without any intervals of improvement (Cases 6, 8, and 9); 
one (Case 7) had a chronic cardiac decompensation which resisted 
- treatment, increasing gradually but steadily. Cases 10 and 11 
improved. The former never completely recovered compensa- 
tion; the latter made a very rapid recovery and was discharged 
without dyspnea or hyperpnea. Two determinations of the 
absorption curve were made on the blood of four of the seven 
patients: Cases 7, 9, 10, and 11. 

In Case 9 the second observation, made 2 weeks after the first, 
revealed a drop of 4 volumes per cent in the height of the absorp- 
tion curve. During this time the condition of the patient had 
continuously grown worse. The two observations on Case 7, at 
an interval of almost 6 weeks, were only about 2 volumes per cent 
apart. The second was the higher. There was little change in 
Case 7’s condition on these two occasions. Possibly his dyspnea 
was a little more severe in the earlier experiment; his general 
condition seemed a trifle less favorable at the time of the second 
observation. The changes in absorption curve and in condition | 
are, in any event, of no significance. 

The rise in level of the absorption curves that occurred during 
the clinical improvement of Cases 10 and 11 is very striking. 
Although it is impossible, then, to say that cardiac dyspnea is 
always attended by a lowering of the absorption curve, there is a 
suggestion that such an association is not uncommon. 

For the arterial pH our data are much more meager. This was 
determined in only four cases and in only two of these were two 
determinations obtained. In one of these, Case 10, the pH 
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remained unchanged in spite of a rise in the level of the absorp- 
tion curve; in the other, Case*11, both pH and absorption curve 
rose. The latter regained compensation more completely than 
did the former in the interval between observations. The second 
experiment on Case 11 gives normal results in all essentials. 
Even the difference between alveolar and arterial CO. tension 
has returned to normal limits. It is quite conceivable that the 
picture presented by Case 10 on April 23 represents a prelimi- 
nary step on the way to compensation and that, with complete 
recovery, which never occurred, the arterial pH would also have 
risen. There is no doubt that Case 12 had an uncompensated 
acidosis because his arterial pH lay below the normal limits. 
A definite carbon dioxide retention or uncompensated acidosis! 
occurred in two subjects, then. In the others a similar condition 
cannot be excluded as the result of our experiments although the 
arterial pH lay within normal limits. , 

There is nothing questionable about the increased difference 
between arterial and alveolar CO, tension. It occurred con- 
sistently in the presence of dyspnea and returned to normal in 
the one instance in which compensation was definitely reestab- 
lished. It is inconceivable that such a difference is due merely 
to errors in analytical methods or in calculation. It has been 
shown that the assumption that the alveolar air is in carbon 
dioxide equilibrium with the arterial blood is not always in keep- 
ing with the facts. That such differences as occurred in normal 
resting subjects might be only temporary was pointed out. But 
in cardiac dyspnea the differences are far greater and are invari- 
ably present. 

Such a difference in itself Laat: be produced by a diminution 
of the rate of the circulation. The venous blood might return to 
the lungs with an accumulation of carbon dioxide too great to 
permit complete removal in the lungs. The CO: remaining 
would pass on into the arteries and produce an increase in venti- 
lation by its action on the respiratory center. In this case the 
difference between arterial and venous CO, tension and arterial 
and venous CO, content should be increased. Such an increase 


1 By a carbon dioxide retention or uncompensated acidosis we mean an 
accumulation of carbon dioxide sufficient to produce a real change in the 
pH of the blood. 
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is sometimes found, but it is not consistent and bears no relation 
to the arterial-alveolar discrepancy. The differences between 
arterial and venous CO, tension and arterial and venous CO, 
content in Case 7, for instance, are only 4.0 mm. and 3.6 volumes 
per cent respectively, while the arterial-alveolar difference is 
14.9 mm. In addition to our own experiments we have calcu- 
lated the differences between arterial and venous CO, content 
and CO, tension in ten of Harrop’s (16) cardiac cases who showed 
definite evidences of decompensation. The calculations were 
made by the same formula employed in the normal cases (see 
Paper I). The results appear in Table IV and can be compared 
with Harrop’s normal cases in Table VIII, Paper I. In his cases, 
as in ours, there is little evidence of a diminished circulation rate. 
A retarded circulation would seem to be, therefore, at the most 
only an occasional minor cause of the difference between arterial 
and alveolar CO, tension. - 

The predominant cause must lie in the lungs themselves. 
There must be an interference with the escape of CO: from the 
blood in the pulmonary circulation. This seems the more prob- 
able because of the known changes in the effective lung volume 
(7, 17). There may be portions of the lungs in which the circu- 
lation is more or less intact, but which contain no air. Or there 
may be portions of the lungs which are air-containing, but immo- 
bile and not adequately ventilated by the respirations. The 
latter is the view of Siebeck (6). Present methods of measuring 
lung volume have failed to settle the question because they are 
capable of measuring only the portions of the lungs that contain 
air available for respiratory purposes. Whether or not there is 
a true carbon dioxide retention in all cases of cardiac dyspnea, 
there is always an interference with the elimination of CO, from 
the blood and, therefore, a compensated or potential acidosis. 

If the alveolar air is considered from the standpoint of respira- 
tory mechanics, as a measure of the effective ventilation, a greater 
effective ventilation is necessary in order to maintain a given 
arterial carbon dioxide tension in the case of the patient with 
cardiac dyspnea than is necessary in the case of the normal 
person. To what extent does this account for the increase in 
the hydrogen ion concentration of the arterial blood? Does the 
alveolar carbon dioxide tension always indicate a ventilation in 
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excess of the normal in relation to the height of the absorption 
curve? If this were true the alveolar pH should always be con- 
siderably above 7.30. This is not true in Case 10, April 9, Case 
11, April 16, and Case 12. In these instances the alveolar carbon 
dioxide is at or below the normal limit in relation to the height of 


TABLE IV. 
Difference between Arterial and Venous CO» Tension. 
(Calculated from observations on patients with cardiac decompensation, 
presented by Harrop.) 


Pimerence Difference 
etween | between 
Arterial | Arterial Venous Venous arterial arterial 


Oxygen 
eee eA onrest | conece \Gmete| tosis | caus. | Seuee 
COz COz 
content. | tension. 
pane 1 ee ie ree poses mm. Hg wiles 
1 46.4 OZ, 54.0 6.9 7.6 15.4 20.3 
46.3 19.6 48.7 16.3 2.4 4.9 21.8 
44.3 | 22.3 56.1 15.5 11.8 Diliz Pye 
2 45.4 7/1 48.3 9.3 2.9 4.6 19.0 
48 .2 17.9 5220 9.5 4.5 8.4 18.7 
49.6 17.8 53.1 12.6 3.0 6.9 18.5 
4 41.4 13.9 44.2 10.8 2.8 5.9 16.8 
43.5 15.2 46.5 9.6 3.0 5.6 16.6 
5 38.9 U?(atl 41.8 6.3 2.9 3.3 19.9 
42.7 18.2 47.1 10.4 4.4 8.3 ON 4 
43.8 17.9 47.6 iS jqal 3.8 7.8 19.6 
7 38.7 16.5 43.2 Meo 4.5 es 18.9 
42.9 | 20.5 46.5 16am 3.6 7.5 22.9 
AS Galea al 49.0 15.4 5.4 Do 22.5 
8 31.4 19.3 3625 aba 6.1 12.4 20.7 
42.8} 21.3 45.7 11.6 2.9 3.9 22.9 
AEG) PAs 46.5 17.6 5.0 10.8 23.0 
Maximum..|} 49.6 56.1 11.8 20.2 
Minimum..| 31.4 37.5 2.4 3.3 
Average....| 43.0 47.6 4.5 8.6 


the corresponding absorption curves. Although these three 
patients showed some dyspnea the ventilation was insufficient 
to compensate for the low absorption curves they presented. 
Nor was this due to the fact that they had passed the limits of 
compensation and were unable to increase their ventilation 
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further. In none of these cases was dyspnea a prominent feature. 
The actual minute volume of respiration of Case 10 was only 
8,650 cc. with a respiratory rate of 18 per minute. This suggests 
that the uncompensated acidosis found in these cases was not due 
entirely to an inability of the injured respiratory mechanism to 
effect the proper carbon dioxide elimination, but to the fact that 
the respiratory center was not so sensitive as normal to its natural 
stimulus, the hydrogen ion concentration of the blood. As the 
comparative lack of dyspnea shown by these patients is not at all 
typical of cardiac decompensation, this insensibility of the respi- 
ratory center to the natural acid stimulus is not necessarily a 
characteristic of cardiac dyspnea per se. 

In the normal subjects the pH of the arterial and venous blood 
was found to be almost identical in spite of a considerable diff- 
erence in CO, content. This was possible because of the effect 
of oxygen on the absorption curve. The same holds true of the 
eardiac cases, in some of whom even larger differences of COz 
content occur. The difference in pH of arterial and venous 
blood never exceeds 0.04 and is, therefore, within the limits of 
error of the method. 

One may pause for a moment to consider what bearing the 
presence of a carbon dioxide retention in association with a low 
absorption curve may have on the work of Henderson and Hag- 
gard (11). They claim that any damming back of carbon dioxide 
causes the blood to abstract alkali from the tissues and produces. 
a rise in the level of the absorption curve. The facts here estab- 
lished for cardiac dyspnea are quite at variance with such a 
theory unless one argue from a teleological standpoint that the 
damming back of carbon dioxide is produced in an attempt to 
withdraw alkali from the tissues and thus restore the alkali of 
the blood to its normal level. Aside from the fact that this: 
ascribes to the blood a purposeful effort at compensation, this is 
not the usual reaction to a reduction in the level of the absorption 
curve as is evidenced by the curves of nephritis patients (see 
Case 5, Paper I, and Case 16, Paper III). 

It is interesting to compare the relations that obtain in cardiacs 
with those found by Means, Bock, and Woodwell (18) in pneu- 
monia and with those found by us in one case of severe asthma 
and emphysema with extreme cyanosis (Case 13, Chart 13). 
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These investigators found a carbon dioxide acidosis in three 
pneumonia patients, without any reduction in the level of the 
absorption curve. They, however, accept Henderson’s view 
that oxygen does not affect the absorption curve of blood. For- 
tunately they have published figures which allow us to make 
corrections by our formula. As we have calculated their results 
the arterial pH values in their three cases are: for E. D., 7.23 
uncorrected, 7.28 corrected; for G. A., 7.30 uncorrected, 7.35 
corrected; for N. D., 7.27 uncorrected, 7.30 corrected. Because 
of the degree of oxygen unsaturation in the arterial blood of 
pneumonia patients these corrections are much larger than the 
corresponding corrections in cardiac dyspnea, where the oxygen 
unsaturation of the arterial blood is usually comparatively slight. 
If oxygen does affect the CO.-combining capacity of blood there is 
little evidence of a carbon dioxide acidosis in these figures alone. 

Case 13 had an asthmatic condition of long standing with an 
extreme emphysema and the most extraordinary cyanosis. His 
face and extremities were at all times a deep purple and during 
his acute attacks were almost black. The experiment was per- 
formed during one of these attacks, His absorption curve lies 
at a normal level. His arterial tension is quite high in propor- 
tion and about 18 mm. higher than the alveolar tension, which 
lies at a pH of 7.33. The corrected arterial pH. is 7.22. The 
most striking thing about his chart is the enormous venous car- 
bon dioxide tension. Although the difference between the 
arterial and venous carbon dioxide content is only 5.7 volumes 
per cent, the portion of the absorption curve on which the arterial 
and venous points lie is so flat that this represents a change of 
CO, tension of about 40 mm. uncorrected, as far as we can tell by 
extrapolating the venous point. The compensating effect of 
oxygen is, however, also increased by the flatness of the curve 
sufficiently to reduce the venous tension about 35 mm. (In ecal- 
culating the effect of oxygen on the venous point in this case we 
were unable to use our formula because the COs, tension was 
above 70 mm. A value for K of 0.414 was used instead of the 
usual 0.34. This is the average value of K between 70 and 90 
mm. From Table I it appears that there is a considerable varia- 
tion in the value of K above 70 mm. and there may be a large 
error in this correction.) In spite of this there is still a very 
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considerable difference in pH between the arterial and venous 
blood. This difference is, however, much less than would occur 
if the arterial tension were lower on a curve of the same level, 
because of the difference in the slope of the pH lines. In a study 
of these factors may lie an explanation of the relatively great 
tolerance for carbon dioxide found by Scott. (19) in emphysema 
patients. No general conclusions can bé drawn from this one 
patient as to the respiratory mechanism in emphysema or asthma. 
The picture is similar to that of cardiac dyspnea in the fact that 
there is a marked difference between the alveolar and the arterial 
CO, tension, suggesting again a functional impairment of the 
ventilating power of the lungs. Furthermore, there is a carbon 
dioxide retention, as evidenced by the low arterial pH. 


Plasma Bicarbonate as a Measure of the Alkali Reserve. 


As a result of a large series of observations of the carbon diox- 
ide-combining capacity of the venous plasma of decompensated 
cardiac patients made in 1916 and subsequently, we were led to 
conclude that the alkali reserve of the blood of these patients, 
although quite variable, lay for the most part within normal 
limits. The same thing is true of the present cases, if we con- 
sider the carbon dioxide capacity of the plasma. Six determina- 
tions in this series vary from 55.0 to 75.7 volumes per cent. 
Among these is a determination made on Case 11 from the same 
specimen of blood that showed such a marked reduction in the 
height of the absorption curve. , 

The contradictory results obtained from whole blood and from 
venous plasma may be explained by variations in the carbon 
dioxide content of the venous blood. As the tension of carbon 
dioxide in blood is increased the bicarbonate of the blood also 
increases. This is evidenced by the fact that the slope of the 
absorption curve is greater than that of the curve which repre- 
sents the solubility of carbon dioxide in the blood. The increase 
in the bicarbonate of blood in response to increases of CO: ten- 
sion is associated with a transfer of base from cells to plasma. 
Joffe and Poulton (20) have demonstrated that the change in 
bicarbonate content of whole blood is reflected in the plasma. 
This had already been clearly demonstrated by Van Slyke and 
Cullen (21). Van Slyke and Cullen, Straub and Meier (22), and 
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others have shown that the CO, absorption curve of plasma is 
much flatter than that of whole blood, approaching more nearly 
the curve of-a simple bicarbonate solution. 

In this case the carbon dioxide-combining capacity of the 
venous plasma must be dependent, to some extent at least, upon 
the carbon dioxide tension or content of the venous blood at the 
time that it is withdrawn. Table V shows this relation clearly. 
In this table are represented the carbon dioxide content of venous 
blood, drawn directly, without stasis, beneath albolene; the 


TABLE V. 
Relation between CO» Content of Venous Blood and CO: Capacity of Venous 
Plasma. 
Subject CEE ean CT aul a 
vol. per cent vol. per cent vol. per cent 
J Pons: Agee 60.8 63.9 69.1 
Mae ah eys) Si: Tile ls< 18% 48.1 63.3 75.7 
LiL. (Gh Set a ee 49.0 63.2 74.5 
LS OSS eee eee 52.0 62.1 74.2 
1. i eee 55.9 62.0 73.0 
| ch nod NN ee a 47.7 60.2 68.6 
INGRES ners cotton cioetan y 52.7 60.1 66.0 
LD ENE 2 1S Sees Serer anna 47.0 57.5 66.0 
re cece id ih ois och cbacctees 42.1 57.2 68.0 
iD I ote 43.3 53.3 62.9 
2) le ar 47.5 51.1 64.0 
CIOTUBEN 522% css. 2 le son: 45.0 49.8 60.7 
2d ec en 38.7 49.8 59.4 
Pr theo 29's). 2h3. Ges 80 47.8 46.8 49.1 
J. (+ Sap eeeeee 36.2 45.5 55.0 
[515 (Gis; Aor 45.4 43.3 53.3 


carbon dioxide capacity of whole blood at 40 mm. of CO, tension 
and 37.5°C.; and the carbon dioxide capacity of venous plasma 
determined according to the technique of Van Slyke (23). (For 
the last, venous blood was withdrawn under albolene, centrifuged 
in this condition, and the plasma removed to a separatory funnel 
and saturated with alveolar COs.) The observations are arranged 
according to the magnitude of the CO: content. The plasma 
capacity parallels the CO, content rather more closely than it 
does the CO, capacity of whole blood. But, if the CO. capacity 
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of the plasma is to be used as a measure of the bicarbonate con- 
tent of the blood, it should vary directly as the CO, capacity of 
the whole blood. 

The cardiac cases are not the only ones in which the plasma 
method fails to agree with the whole blood method. H. G. shows 
a slight acidosis on the basis, of his plasma figures, although the | 
whole blood CQ, capacity is normal. In this case the venous 
carbon dioxide content is very low. The discrepancy is slight, 
but is quite striking in comparison with J. D. B., a cardiac patient 
with an absorption curve at the same level as that of H.G. Even 
in normal subjects estimations of the bicarbonates of whole blood 
from those of plasma may prove inaccurate. This is well illus- 
trated in the case of D. P. B., who on several occasions showed a 
CO, capacity relatively higher in the plasma than in the whole 
blood. 

In severe anemia the use‘of plasma may lead to misinterpre- 
tations. In this condition, as we shall show, the whole blood 
curve becomes relatively flat, approaching that of plasma. 
Changes in CO, tension, therefore, produce relatively small 
alterations in CO, content. The consequence is that the values 
obtained from whole blood are high in comparison with those 
obtained from plasma. This is especially noticeable in Cases 
A. B. and E. 8. (The corresponding hemoglobin values were 
32 and 35 per cent respectively.) This may explain the fact 
that Kahn and Barsky (24), studying the plasma in pernicious 
anemia, found a reduction of the alkali reserve in three cases, 
while the four cases in our series gave consistently high values 
for the CQ.-combining capacity of whole blood. 

Finally, a further source of error lies in the fact that the absorp- 
tion curves of plasma from different specimens of blood may 
differ. This has been demonstrated by Straub and Meier (22). 

The use of the COQ.-combining power of the plasma as a meas- 
ure of the alkali reserve will cause little or no error in most cases 
if it is employed only in those conditions in which the respiratory 
and circulatory systems are undisturbed and react in the normal 
manner to the natural stimuli. It was to subjects of this type 
that Van Slyke and coworkers (25) first applied it with such 
success that his method has become the standard method for the 
measurement of the alkali reserve. Henderson and Haggard 
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(26) have contended that whole blood is preferable to plasma. 
The latter, however, was chosen by Van Slyke with full recogni- 
tion of the error involved, because of technical reasons, especially 
the fact that whole blood demanded immediate analysis, whereas 
plasma could be kept for a considerable length of time without 
deterioration. Furthermore, the coagulum produced by the 
addition of acid to whole blood rendered the cleansing of his 
pipette difficult. With the substitution of tartaric acid for sul- 
furic in the Van Slyke method one of the technical reasons for 
preferring plasma has been removed. The impossibility of keep- 
ing whole blood for any length of time remains an objectionable 
feature. 

If, for this reason, the use of plasma is found necessary, varia- 
tions in carbon dioxide saturation, the chief cause of error in the 
use of plasma, must be avoided. This can easily be effected by 
bringing the whole blood into equilibrium with a standard air- 
CO, mixture, e.g. alveolar air, before removing the plasma. If 
this were done at least the chief objection to the use of plasma 
would be removed. However, the air-CQ, mixture used for satu- 
ration of whole blood must be more carefully standardized than 
is the case when plasma is employed. This is evident from the 
differences in the absorption curves of whole blood and plasma. 
Small variations in carbon dioxide tension have a much greater 
effect on the carbon dioxide content of whole blood. The use of 
alveolar air, which is the usual procedure with plasma might, 
with whole blood, introduce a perceptible error. Under resting 
conditions the alveolar CO, tensions of normal individuals should 
not vary by more than a few millimeters. As the corresponding 
change in the carbon dioxide content of the blood is only half as 
great, the use of alveolar air by an operator trained in respiratory 
methods should produce no serious errors. 

Under these conditions plasma should give values that are 
dependable as far as the ability of the blood to neutralize acids 
other than carbonic is concerned. For the study of the respira- 
tory function of the blood, on the other hand, whole blood alone 
can be used. In order to avoid unnecessary complications, the 
normal limits of variation at room temperatures will have to be 
more definitely established, as whole blood work up to the pres- 
ent has been confined almost entirely to physiological studies 
and saturation has been effected at body temperature. 
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Just as this paper was approaching completion the final report 
of the work of Joffe and Poulton (20) on the absorption curves of 
whole blood and plasma appeared. On the basis of their findings 
they also conclude that the carbon dioxide capacity of plasma 
separated from venous hlood is not a proper measure of the 
available alkali of the blood. They advise a method identical 
with that here proposed. 

Up to the time that Van Slyke published his method the pres- 
ence of a carbon dioxide retention had not yet been demonstrated 
in any pathological condition, and, although the possibility of 
such an occurrence was clearly recognized by him, it did not 
seem of sufficient practical importance to outweigh the obvious 
technical advantages of plasma over whole blood. As applied 
to the study of diabetes the use of plasma probably introduced 
no serious error. When we presented our data to Dr. Van Slyke 
we found that he had come to practically the same conclusion 
as a result of some studies on anesthesia. . 


Carbon Dioxide Content of the Venous Blood in Cardiac Dyspnea. 


It is clear that a discrepancy between the CQ, capacity of 
whole blood and that of venous plasma may be produced by at 
least three factors: (1) An abnormal venous carbon dioxide ten- 
sion; (2) a disturbance of the normal proportion of cells to plasma; 
(3) an abnormality in the carbon dioxide absorption curve of the 
plasma itself. The second of these we may assume to be unim- 
portant in cardiac dyspnea, although we have not investigated 
the matter carefully. In the majority of cases hemoglobin deter- 
minations were made by means of the oxygen capacity and 
revealed no striking changes. The plasma absorption curve has 
not been determined. We have, however, studied the venous 
carbon dioxide content of a number of subjects. 

The determination of the presence or absence of carbon dioxide 
retention in the venous blood is not so simple a matter as it may 
appear. The results obtained by previous observers are not at 
all consistent. Harrop (16) found that the difference between 
arterial and venous carbon dioxide content was sometimes 
increased in cardiac dyspnea, indicating a relative retention of 
carbon dioxide in the venous blood. Table IV gives a summary 
of Harrop’s findings. The results obtained from the five cases 
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in our series appear in Table III. The two sets of observations 
are in essential agreement. The difference between arterial and 
venous blood was much more Variable in decompensated cardiac 
cases than in normal subjects, and in some of the former was 
relatively increased. Scott (27) has recently reported the CO: 
content of the plasma of both arterial and venous blood lower 
than normal in cardiac decompensation. A few unpublished 
determinations made by one of us on venous plasma in 1916 were 
not in agreement with his findings. The values obtained were 
more variable than those obtained from normal subjects, but the 
variations were not predominantly low. In some cases they 
were quite high. The same is true of the values obtained from 
whole blood. Their only characteristic is a great range of varia- 
tion (see Tables I and III). By comparison with Table V it will 
be seen that these variations bear a rough relation to the height 
of the absorption curves. 

Neither Harrop’s nor Scott’s method can, throw much light on 
the question of the presence or absence of a carbon dioxide reten- 
tion. The absolute value for carbon dioxide content of either 
whole blood or plasma, whether arterial or venous, although of 
interest, cannot be accepted as a satisfactory criterion. The 
CO: content which is normal for a blood with a high absorption 
curve is excessive for a blood with a low absorption curve, if the 
reaction of the blood is to be maintained constant. The locus of 
points of equal pH is represented by straight lines passing through 
the origin. As the curves become lower, therefore, equal amounts 
of CO, have a greater effect in changing the pH. The presence 
of a carbon dioxide retention can only be determined, then, by a 
comparison of the carbon dioxide content of the blood with the 
height of the absorption curve. Such a comparison appears in 
the venous pH values in Table III. In the case of the three 
cardiac patients with low absorption curves (Cases 10, 11, and 12) 
there is a definite carbon dioxide retention which explains the 
falsely high values for bicarbonate obtained by the plasma CO 
capacity method of Van Slyke (23). 


SUMMARY AND CONCLUSIONS. 


‘1. A study has been made of the carbon dioxide absorption 
curve of the blood of seven patients with cardiac decompensation 
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and dyspnea. In three out of the seven low curves were found. 
In two of these cases the curves returned to the normal level 
when compensation was reestablished. Clinically these patients 
were distinguished by the presence of an extreme degree of 
cyanosis with little dyspnea. No relation could be established 
between the reduction of the absorption curve and the oxygen 
unsaturation of the arterial or venous blood. A low absorption 
curve was not an indication of the severity of the condition. No 
signs of renal involvement were discovered in any of these cases. 

2. The reduction of the alkali reserve indicated by these 
low absorption curves was not reflected in the plasma. The 
CO. capacity of the venous plasma is determined by the carbon 
dioxide tension at which it existed in the body rather than by the 
carbon dioxide-combining capacity of the blood. For this reason 
the determination of the plasma bicarbonates by the technique 
originally proposed is not applicable as a measure of the alkali 
reserve in conditions, associated with CO. accumulation in the 
venous blood. A true measure of the bicarbonate content of 
blood is obtained from the carbon dioxide capacity of whole 
blood. As whole blood deteriorates when kept, while plasma 
does not, it may still be necessary to employ plasma for purposes 
of routine procedure. In this case errors due to variations in car- 
bon dioxide saturation may be avoided by saturating the whole 
blood with a standard air-CO, mixture before separating the 
plasma. With this modification the method may be rendered 
applicable to the determination of the alkali reserve of the 
blood. For the study of the respiratory function of the blood, 
however, only whole blood should be used. 

3. (a) In four cases arterial and venous carbon dioxide tension 
were determined. The alveolar carbon dioxide tension was also 
determined. The only consistent and characteristic finding was 
an increase in the difference between alveolar and arterial CO: 
tension. This difference varied from 13 to 19 mm. 

(b) In two cases there was a definite CO, retention in the 
arterial and venous blood with a consequent lowering of the pH. 

(c) No consistent increase in the difference between arterial 
and venous CQO, content or tension could be demonstrated, 
although in one or two instances it was slightly greater than 
normal. 
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4. The causes of the discrepancy between the alveolar carbon 
dioxide tension and the carbon dioxide-combining capacity of the 
venous plasma in cardiac dyspnea are: 

(a) The fact that the carbon dioxide capacity of the plasma 
gives values that are too high in the presence of carbon dioxide 
retention such as is sometimes found in cardiac dyspnea. 

(b) The alveolar carbon dioxide is very low'in proportion to 
the carbon dioxide content of the venous blood and does not 
bear a definite relation to the height of the absorption curve. . 

5. The causes of cardiac dyspnea seem to be: The fact that a 
greater ventilation is necessary to effect the normal carbon diox- 
ide elimination. This is largely brought about by an impair- 
ment of the efficiency of the pulmonary mechanism for the 
exchange of gases between the blood and the outside air. This 
necessitates the maintenance of a greater difference in carbon 
dioxide pressure between the blood in the pulmonary circulation 
and the alveolar air in order to effect the normal carbon dioxide 
output. To maintain the carbon dioxide tension and the hydro- 
gen ion concentration at the proper level the alveolar carbon 
dioxide tension must be abnormally low. In some cases a diminu- 
tion of the circulation. rate may be an additional factor in the pro- 
duction of a carbon dioxide acidosis. Finally in a certain pro-— 
portion of the cases, at least, there is a real reduction of the 
available alkali of the blood. In at least two cases with a reduc- 
tion of the available alkali of the blood were found indications of 
a comparative insensibility of the respiratory center to its natural 
physicochemical stimulus, the hydrogen ion concentration of 
the blood. 
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EXPLANATION OF CHARTS. 


CHART 7. 


Case 7. J. D. B. Syphilitic aortitis. Dilatation of ascending aorta. 
Aortic insufficiency. Male, age 50 years, single, pastry cook. 

Looks chronically ill. Moderate dyspnea even while at rest, but able 
to walk around ward. Faint cyanosis of lips and finger-tips. Lungs clear. 

Heart very much enlarged, with loud systolic and diastolic murmurs, 
maximum over the aortic area. X-ray revealed aneurysmal dilatation of 
the ascending aorta. 

Wassermann ++++. 

Patient improved but slightly and is still in the hospital at the time of 
publication. 

Experiment 1. Mar. 19, 1920. 


Alveolar CO, before venous puncture, mm...............++. 25.5 

25.0 

is CO, after ba “§ PEPOAME SADE) = = 25.2 

CO, absorption curve: 

COrdension, mm. gs kX. - estes 77.2 47.7 23.8 
(OOo von. per cent... {eee 62.9 48.7 37.1 
59.7 36.5 

CO:z content of venous blood, vol. per cent............---+-- 49.8 


COz capacity of venous plasma (41.7 mm. Hg) vol. per cent.. 60.7 
O, capacity of blood, vol. per cent... . .. 02. a. .s se eee 16.4 
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Experiment 2. Apr. 30. Condition practically unchanged, although 
cyanosis may be slightly increased. 


Alveolar CO: before arterial puncture, mm................. 27.3 
20k 
20.0 
7 CO: after hi os Bc an carreras Wes? 27.6 
CO, absorption curve: 
Os tension, Mme HO.c.:: cans us ne 59.8 47.2 28.4 
COT, DOU DEN COMES Aya .sia's's!s.a.4 «Bree sie ees 59.6 52.9 39.8 
56.1 SOLE 4033 
CO: content of arterial blood, vol. per cent................0. 49.3 
48.9 
CoO, “ “ venous BE | Iie INI Saar ie atacand Ocoee 52.0 
53.4 
Difference between arterial and venous COsz, vol. per cent... 3.6 
G@arcapacty of blood; vol. per cents isaac cee sce fees se 13.9 
O2 content of arterial blood, vol. per cent.................+: 14.3 
Oo SE SVETIOUS: wr = 5" * SE ee cea tre ee elec oer eee 3.7 
i .consumpiion, Vol. per CONts: c..s0s 1a. sete. 2 es > occurs 10.6 
O, saturation of arterial blood, per cent.................0.: 100 
O2 “ venous FE Sek y OA RC aa eRe eee - 27 
hesmiratery, quotient of, bloods... 0.2: cans ose oats oe ee 0.34 
pi 750 740 735 73 125 120 
10 
60 
3 
» 
§ 
5 4 
3 
E 
= 
Ss 
| 
i0 3040, OO aD aaa -) 100 


CO, tension in mm. Hg 


Cuart 7. Experiment of Apr. 30. Directions for interpretation of 
charts are given in Paper I. 
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CuartT 10. 


Case 10. J.M. Mitralstenosis. Male, age 60 years, single, engineer. 
Looks chronically ill. Lies quietly in bed, without dyspnea or orthopnea. 
Very marked cyanosis of face and extremities. Veins of neck engorged, 
but not visibly pulsating. Brawny, pitting edema of feet and legs. 
Signs of moderate amount of fluid in the right pleural cavity. Liver very 
much enlarged and pulsating. 

Temperature normal. Pulse absolutely irregular; rate 72 to 100. Blood 
pressure: systolic 138; diastolic 86. Heart moderately enlarged both to 
the right and left. Loud blowing, systolic murmur at apex, accompanied 
by rough thrill. No murmurs at base. Electrocardiogram shows auricu- 
lar fibrillation. 

Urine contains considerable albumin, with a few granular and hyaline 
casts. Specific gravity 1.023 to 1.027. Non-protein nitrogen of blood 43 
mg. per 100 cc. Phenolsulfonephthalein excretion 60 per cent in 2 hrs. 
Discharged from hospital, improved, 1 week after last experiment. 

Experiment 1. Apr. 8, 1920. 


Manute volume of respirations, ¢é.+.0......> . 42.4 4eeeee 8,652 

Tidal air 475 cc. Respirations per min................. 18.2 

COz in expired air 2.40 per cent. CO:,outputpermin.,cc. 208 

Watal capacity of the lungs,.ce.2. 2. 4: «dq, 1,197 
Experiment 2. Apr. 9. Condition unchanged. 

Alveolar CO: before arterial puncture, mm.................. 25.0 

CO, absorption curve: 

Os PENSION, 7270. Ge vac caeiaiss eke 75.8 54.4 44.4 
Os, VO): QIET Cent 2 seanae eee oe se 56.6 46.0 41.7 
CO, content of arterial blood, vol. per cent................-- 39.6 

; 39.6 
Go, * “venous “ rk $F Sch 49.5 
50.0 


Difference between arterial and venous COs, vol. per cent.... 10.2 
CO: capacity of venous plasma (40.9 mm. Hg), vol. per cent.. 59.4 


O2 i “ blood, vol. per cent... 2... 2255-2 eee 20.7 
©; content of arterial blood, vol. per cent.......2.. = eee 16.7 
Oz ¢ ** venous a ae eee 8.5 
Ozrconsumption, vol. per cent..... 4... ... epee ee eee Bez 
Os saturation of arterial blood, per cent......... 7: eee 83 
Oz ge “venous “ PN tt - 42 
Respiratory quotient of blood..... 2.0... . ... .. . 2 ee 1.24 


Experiment 3. Apr. 23. Condition greatly improved. Quite comfort- 
able. Noedema. Signs of fluid in chest gone. Cyanosis still well marked. 
Heart action good, rate about 60, with practically no pulse deficit. Is able 
to be out of bed and to walk about ward without difficulty or discomfort. 

Vital capacity of lungs, ce... ... 2222. «050d, See 2,463 
Minute volume.of respirations, c¢s.5,. 02-6) s 42 -1s eee 9,854 
Tidal air 498 cc. Respirations per min.................++-- 19.8 


Volumes per cent CO, 
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CO: in expired air 2.72 per cent. CO: output per min., cc. 268 


Alveolar CO: before arterial puncture, mm....f............ 34.2 

: 35.3 

i CO: after < re Hits SSRN Alo Re eke OL 2 

CO: absorption curve: 

SE ee LEM SLO LTE Ghana dese: sot, wiasa otto ecco aks 80.4 26.6 
IO ae Ol CT CON Le ers a oreo) 50s «5 soo ouateete dened 64.6 38.0 
63.9 40.5 

CO: content of arterial blood, vol. per cent.................- 53.8 

54.2 

co; “ ““=venous: RR 5 I oeee tn ae a a 63.0 

63.7 


Difference between arterial and venous COs, vol. per cent.. 9.3 


CO: capacity of venous plasma (52.0 mm. Hg), vol. per cent. 75.7 
Oz 3 “ blood, vol. per cent...... RGR PAS shee yale 20.8 
Oz content of arterial blood, vol. per cent................... 22.0 
Oz Me “ venous a Bian gi eae NRE eee, aa iilgal 
11.0 
eeconsumption; vol... per Certs... 622. oo- sectas sev oe « 10.9 or 9.7 
©, saturation of arterial blood, per cent................0..- 100 
O2 Kg “ venous s a ates eran os RAE RTL 53 
nespiratory quotient of blood)... 22.400... ...e oss se ee 0.85 or 0.96 
pH mo 755 730 125 120 5 4. 
+ Hh etiaeae-Ae gre eS ETAT dil HEE ai ET FART] pteeess== j 
10 Hp Heat He evel z 
6 iz z “ eat 
z FS of 
beschites: oH eas $343 te +H 
vy oF 
i 70 i 0 tho 


CO, tension in mm. Hg 


Cuart 10. 1. Experiment of Apr. 9. 
2. Experiment of Apr. 23. 
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Cuart 11. 


Case 11. J. K. Mitral stenosis. Male, age 35 years, single, elevator 
operator. Looks chronically ill. Lies quietly in bed with only slight dys- 
pnea and orthopnea. Face and extremities are a livid purple. Slight, 
pitting edema of feet, ankles, and legs. Few sibilant and sonorous rales 
scattered throughout lungs, but no signs of pleural effusion. Liver en- 
larged and pulsating. Temperature normal. Pulse totally irregular, radial 
rate 55, heart rate 92. Blood pressure: systolic 140, diastolic 100. Heart 
enlarged both to left and right. Loud systolic and soft diastolic murmurs, 
maximum over apex. Pulmonic second sound accentuated. Electrocar- 
diograms show auricular fibrillation. 

Urine shows cloud of albumin, no casts. Specific gravity 1.018. 

Discharged from hospital improved, 9 days after last experiment. 

Experiment 1. Apr. 16, 1920. 


Alveolar CO: before arterial puncture, mm................. 23 .0 
22.1 
. CO, after % . “dark ae ee! 21.4 
21.4 
CO, absorption curve: 
©; tension, win. Hg. jesse eee 68.0° | 47 4°" ae 
GOs vol. Per CONE: 1. cs eshaee ears 47.7 38.3 35.8 
47.4 39.4 
CO: content of arterial blood, vol. per cent.:...0:. 2.2.5. eer 36.8 
35.0 
CQ, “ “venous “ OS een ee 44.8 
46.1 
Difference between arterial and venous CO:; vol. per cent... 9.6 
CO: capacity of venous plasma (37.8 mm. Hg), vol. per cent. 55.0 
O2 “ ‘blood, vol. “percent... . 3... see 26.3 
26.7 
O>» content of arterial blood, vol: per cent................... 24.2 
O2 cs ““ venous KS MO That in a.e eee 9.9 
O2 consumption of 5 a Ser 5 co - 14.3 
Oz saturation of arterial blood, per cent..................+- 91 
O2 c ““ venous ee 66 Ge Lies ials eee 37 
Respiratory quotient of blood:-:.. 2222222. 445-0 ee, Sa 0.67 


Experiment 2. Apr. 20. Greatly improved. No dyspnea. Cyanosis: - 
less marked, but still considerable. Edema gone. Lungs clear. Pulse 
good quality. Heart rate about 40. No pulse deficit (digitalis heart. 
block). Arthritis of left foot with temperature of 102°F. 


Vatal-capacity of the lings,ce...2-2.0. 0-56 5452+) 1,800 
Alveolar CO: before arterial puncture, mm............... 30.2 
BT a 


$3 CO: after *f “ MS dies oS 32.5 


Volumes per cent CO» 
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CO, absorption curve: 


565 


Ca GEBSTOM AI «1d Garrat ecsele sole ia els ee ee 37.8 
ROD ores 101 CORT. rc eet eee aes bays A eae. ¥ sgh as 49.1 
50.7 
CO: content of arterial blood, vol. per cent................. 53.7 
. 51.0) 
Oz a < 2 e AE ES 3 Ae Pave fenery eager 25.0 
O2 “ > venous ““ Se: a tetas stat, Alans ee 22.5 
Mr consumption toleper CONt. .. . oo. 4 satus den cee nck os as 2.5 
@2 saturation of arterial blood; per cent..........-.......-. 94 
Oz * SS VeDOUS! | 5 ec le ad ee eee 85 
(Oz capacity of Apr. 16 used for calculations.) 
pH 150 74 740 235 730 725 720 715 “ 
rH gsEsi22 Fart HH ee F 
ine : . 10 aay od 


CO, tension in mm. Hg 


Cuart ll. 1. Experiment of Apr. 16. 


2. Experiment of Apr. 20. 
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CuHartT 12. 


Case 12. C.C. Mitral stenosis. Looks chronically ill. Lies quietly 
in bed, with only slight dyspnea and no orthopnea. Very marked cyanosis 
of head and extremities. Somewhat irrational. 

Experiment 1. 


Alveolar CO» before arterial puncture, mm.................. 28.0 
26-1 
27.8 
id COs, after zs 7 yee oe ee 27.5 
CO: absorption curve: 
CO. tension, wm. dlqst- oon... ee. a 66.2 47.6 39.0 
(SOs, vol, Per CENL. ows ta 43.7 34.8 33.0 
45.3 35.9 33.0 
CO, content of arterial blood, vol. per cent.................. 33.4 
33.6 
CO, « — venous 6 OS. eee 43.1 
42.6 
Difference between arterial and venous COs, vol. per cent.... 9.4 
Qs capacity of blood, vol. per cent: .......:... 5.00 ae 18.3 
4), content of arterial blood, vol. per cent........-.ee2e eee ee 18.0 
Oe Ss “ yenous v4 CO. va denne oe 3.2 
{)> consumption, vol. per cent. =... 2... 252s... 2s ee 14.8 
O- saturation of arterial blood, per cent............c22--+e-- 98 
O- 4 «Venous. Mee | eee eee oe 18 


Respiratory quotient of blood........ ose = on eer 0.64 


Volumes per cent CO, 
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pH 25 WH 125 720 


co, tension in mm. Hg 
Cuart 12. 


15 


567 


110 
105 
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_ Cuarr 13. 


Case 13. M. C. Bronchial asthma with severe emphysema. Male, 
age 40 years, single, hospital orderly. 

Complains of severe dyspnea and cough. Has been admitted to the 
hospital several times. Looks acutely distressed. Is sitting up in bed. 
Respirations are rapid and labored, with prolonged, wheezing expiration. 
Most intense cyanosis of head and extremities, which are a deep purple. 
Veins of neck engorged. Lungs show boardy resonance everywhere. 
Expiratory breath sounds prolonged, high pitched, and wheezing. Rhon- 
chi and rales of all kinds heard all over chest. Heart: apex and borders of 
dulness not made out. Sounds distant. No murmurs made out. Pulse 
about 100. 

Experiment 1. May 12, 1920. 


Alveolar CO: before arterial puncture, mm................. 39.8 / 
44.1 
41.2 
re CO, after Z ae forse ee 40.9 
CO, absorption curve: 
CO, tension, mm. Hg....... 61.9 15.1 ford 39.6 y 
CO., vol. per cent........... 57.0. 32.20. Seg. ea 
56.3 31.0 58.2 50.1 
CO, content of arterial blood, vol. per cent................- 58.4 
56.7 
oo, “= * yenous) i+ OO Nb Ne cee 63.9 
62.5 
Difference between arterial and venous COs, vol. per cent... 5.7 
CO: capacity of venous plasma (51.2 mm. Hg), vol. per cent. 74.5 
O2 os “ blood; vol. percent... 2.0 1.ts = «+: «= see 21.3 
O, content of arterial blood, vol. per cent........ a3 3 geen 17.2 
Oz f “ venous = (CO OS eben oe Ene 11.0 
Oz consumption, vol..pér cent: ... 0... o.c.0s sae ae ee eee 6.2 
O2 saturation of arterial blood, per cent................-.-- 81 
Oz a “ venous CR AAP hg gic iy 0 & 52 


Respiratory quotient of blood...............=+ 2: 454ee eee 0.92 
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pH 73 0 75 mm 1 
~ 


Gesceacits 


a 


Volumes per cent CQ, 


|. : 
aa 


CO, tension in mm. Hg 


Cuart 13. V” represents the venous CO: tension corrected for oyxgen 
unsaturation, using the value of 0.414 for K (see text). 


Additional Protocols. 


Case 6. G. B. Paroxysmal tachycardia. Male, age 32 years, single, 
cook. Acutely ill. Some dyspnea, orthopnea, and cyanosis. Edema of 
both ankles. Signs of moderate amount of fluid in the right pleural cavity 
and in the abdomen. Liver enlarged. Temperature about 103° F. Pulse 
regular, rate about 180. Heart enlarged in both directions, but without 
signs of a valvular lesion. 

Condition did not respond to treatment and patient died suddenly 6 
days after the experiment here reported. 

Experiment 1. Mar. 24, 1920. 

CO, absorption curve: 


GO tension, mmHg. w08.. oats ye WSS Ree 11.6 
OHO lee PO) COME wis teva sts + ais\satt een 61.1 49.1 27.4 
26.4 
CO. content of venous blood, vol. per cent..............++-. 54.8 
O2 capacity of blood, vol. per cent.........-- 2+. see eee eres PN ST 
Oz content of venous blood, vol. per cent..............-+-+--- 5.0 


Oz saturation of venous blood, per cent................++--- 23 
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Case 8. E.H. Mitral stenosis and insufficiency. Male, age 39 years, 
butcher. Looks acutely and chronically ill. Sitting, propped up in bed, 
with considerable dyspnea and orthopnea, pallid, cyanotic, and in acute 
distress. Edema of both lower extremities, abdominal wall, and back. 
Double hydrothorax. Moderate ascites. Very large, pulsating liver. 

Temperature about 100. Pulse absolutely irregular, rate slow as the 
result of digitalis therapy. 

Heart enlarged-to the right and left, with systolic and diastolic thrill 
and shock, maximum over the midcardiac area. Auricular fibrillation. 
Patient died 2 days after the experiment here reported. 

Experiment 1. Mar. 10, 1920. 

CO, absorption curve: 


SOs tension, 0. 1LG:.... ocmeteeree 16.0 34.8 69.5 
Cs, vol. nermeent. <>... 0 elec eee een 19.0 46.2 59.2 
61.1 

CO: content of venous blood, vol. per cent.................. yi bs tl 


“cc 


CO: capacity of plasma (44.0 mm. Hg) vol. per cent... 64.0 
Case 9. P. O. S. Syphilitic aortitis. Aortic insufficiency. Male, - 
age 49 years, single, laborer. Looks acutely and chronically ill. Marked 
dyspnea and orthopnea with irregular respirations. Moderate cyanosis. 
Edema of lower extremities, back, and abdominal wall. Signs of fluid in 
both pleural cavities. Liver very much enlarged. Temperature 100. 
Pulse regular, rate 90, collapsing in type. Blood pressure: systolic 140, 
diastolic 50. Heart very much enlarged, especially downward and to the 
left. Soft, systolic and loud, buzzing, diastolic murmurs, maximum over 
the base of the heart. Diastolic murmur accompanied by a thrill. 
Wassermann +-+-+-., 
Patient died 3 weeks after the last experiment without having left the 
hospital. 
Experiment1. Mar. 9, 1920. 
CO, absorption curve: 


COs tension), 771. 0HGe Goss Se 66.8 59.9 20.6 
COywOleper Cent. orn ee ROOD 60.7 39.0 
65.4 39.7 

CO, content of venous blood, vol. per cent..............24.- 62.1 


COs: capacity of venous plasma (51.1 mm. Hg), vol. per cent.. 74.2 
Experiment 2. Mar. 23. Continues to grow worse. Hydrothorax 
increasing. Irrational. Dyspnea is less, possibly because of morphine, 
but respirations are more irregular. Considerable cyanosis. 
CO, absorption curve: 


CO, tension, mm. Hg... ......... (26.4) 93.7 51.8 
WO Ola Per Cents. =e ree ee 42.8 65.8 52.5 
42.8 
CO: content of venous blood, vol. per cent............eee eee 56.9 


Oz capacity of blood, vol. per cent... .2...2+. ems eee eee 22.3 


III. THE CARBON DIOXIDE ABSORPTION CURVE AND 
CARBON DIOXIDE TENSION OF THE BLOOD 
IN SEVERE ANEMIA. 


By DAVID P. BARR anp JOHN P. PETERS, Jr. 


(From The Russell Sage Institute of Pathology in affiliation with The Second 
Medical (Cornell) Division of Bellevue Hospital, New York.) 


(Received for publication, December 2, 1920.) 


Carbon Dioxide Absorption Curve in Severe Anemia. 


An analysis of the CO, absorption curve of normal blood has 
been made in Paper I of this series (1). In the course of the 
investigation we had occasion to study the blood of a case of 
pernicious anemia and found such marked variation from the 
normal in the shape and character of the absorption curve that 
we were stimulated to study the bloods of other cases of anemia 
as they presented themselves in the wards. We later found that 
the CO, absorption curves from the blood of one case of pernicious 
anemia and from one case of moderate secondary anemia had 
been constructed in 1917 by Hasselbalch (2) who used them*as 
collateral evidence in his argument concerning the true nature of 
the supposed acidosis of newly born children. In this paper we 
wish to present the absorption curves of several patients with 
varying degrees of anemia, to discuss the factors which may 
cause the curve of anemic blood to differ from the normal, and 
finally to show the bearing of the findings upon the respiratory 
mechanism and particularly upon the dyspnea of severe anemia. 

The methods employed have been described in detail in Paper 
I. The absorption curve of fully oxygenated blood and the CO2 
content of venous blood have been determined. Upon three of 
the patients arterial puncture was performed and the COs, con- 
tent of arterial and of venous blood was ascertained. The per- 
centage of hemoglobin was obtained in all cases by the oxygen 
capacity method of Van Slyke (8). In one case the alveolar CO. 
tension was also determined. 
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The cases upon which this study is based include three patients 
with pernicious anemia, one with a severe anemia probably 
pernicious, two suffering from gastric carcinoma, and one from 
chronic nephritis. A protocol of the combined data of all obser- 
vations is given in Table I. In Column 1 are included the ten- 
sions of CO, to which the blood was exposed and in Column 2 
the volume of CO, absorbed at each tension is given. From these 
data the CO. absorption curves were constructed. The other 
columns of the table are self-explanatory. 
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Fic. A. Comparison of CO, absorption curves of blood in severe anemia 
with curves of normal blood. 

Solid curved lines: curves from blood of anemia. 1. Jas. M., 18 per 
cent hemoglobin. 2. C. P., 23 per cent hemoglobin. 3. R. H., 23 per cent 
hemoglobin. 4. A. B., Mar. 16, 1920, 32 per cent hemoglobin. 5. A.B., 
Apr. 1, 1920, 26 per cent hemoglobin. 6. E.S., 36 per cent hemoglobin. 7. 
C. A., 53 per cent hemoglobin. 8. N. B., 53 per cent hemoglobin. 

Broken curved lines: limits of dissociation curves from blood of normal 
persons. 

Straight diagonal line OC represents the CO: in solution and in form of 
H.COs. 

Other diagonal lines represent pH of blood. 

= Arterial CO2 content. 
@ = Venous CO; content. 
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The absorption curves are represented in Fig. A. The solid 
curved lines are curves of blood from patients with anemia. Each 
of these is numbered and the numbers, the initials of the patients 
to which they refer, and the percentage of hemoglobin contained 
in the blood are given in the legend. The curved broken lines 
represent the upper and lower limits of the absorption curve for 
the blood of normal individuals (1). The diagonal, OC, gives 
the amount of COs: in physical solution and in the form of carbonic 
acid for each tension. The other diagonal lines indicate the 
hydrogen ion concentration in terms of the negative logarithm, 
pH, of Sérensen (4). 

From a superficial survey of the figure it will be seen that the 
curves of blood in anemia differ markedly from the normal. 
They are more nearly parallel to the base line. The volume of 
CO: absorbed at low tensions is relatively large while the volume 
at high tensions is less than normal: In these respects our results 
are entirely in keeping with those of Hasselbalch (2). The curve 
of blood from severe anemia resembles the curve of plasma quite 
as closely as it does that of normal whole blood. 

In Fig. B the CO, absorption curves of 0.03 m sodium carbonate 
solution, of 0.1 m sodium phosphate solution, of plasma, and of 
normal blood have been drawn for the purpose of comparing 
their slopes with that of the blood of Jas. M., a patient with 
severe anemia. The curves of phosphate solution and of plasma 
have been constructed from the figures given by Van Slyke and 
Cullen (5). The curve of carbonate solution is derived from the 
formula of Parsons (6). 

The difference in the slope of the curves can be explained by the 
presence and character of the acids in the various solutions. In 
a solution of sodium carbonate where HCO; is the only acid, 
essentially all the alkali combines with CO. at low tensions. 
Below 10 mm. of CO, tension the curve is steep, while at all ten- 
sions above 10 mm. the curve is flat and parallels the line of 
physical absorption, OC. In plasma, in whole blood, and in the 
phosphate solutions, all of which contain both HCO; and other 
potential acids, the alkali is divided between the acids in propor- 
tions depending upon their relative strength and molecular 
concentration. The amount of alkali which may combine with 
carbonic acid between any two tensions, and hence the slope of 


576 Carbon Dioxide Absorption Curve. III 


the CO. absorption curve, will depend upon the character and 
concentration of the other acid substances. For this reason it is 
important to consider the potential acids which exist in normal 
blood. 

The plasma contains serum proteins which may have acid prop- 
erties under conditions ‘existing within the body. Attempts 
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Fic. B. Comparison of curve of blood of severe anemia with other CO2 
absorption curves. 
= 0.03 m NasCO; solution. 
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to measure the magnitude of their acid action have given rise to 
conflicting results (7-10). The close resemblance between the 
curve of plasma and that of bicarbonate indicates that their 
influence is not great under normal conditions. Within the red 
blood cells there are two substances of potentially acid character, 
the phosphates and hemoglobin. The influence of the former 
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cannot be estimated quantitatively. It will be seen, however, 
that the curve of phosphate solution resembles closely that of 
normal whole blood. The presence of phosphates might from 
theory play a considerable réle in the production of the typical 
blood curve (11). The action of hemoglobin as a potential acid 
has been emphasized recently by many investigators (12-15). 
It has been found to be an amphoteric substance which at the 
hydrogen ion concentrations existing within the body may have 
the properties of a weak acid. 

In anemia the red blood cells are diminished in number and the 
reduction is accompanied by a decrease in the concentration of 
hemoglobin. If the action of hemoglobin as an acid is of impor- 
tance, a marked reduction in its concentration should produce a 
flattening of the slope of the curve, which, in the most severe 
anemias, should resemble the curve of plasma. It has been seen 
that this actually occurs. The absorption of CO, by the blood of 
Jas. M. with 18 per cent hemoglobin occurs in a manner more 
like plasma than normal whole blood. 

If hemoglobin were the only substance of importance, the slope 
of the curve should vary directly with the concentration of the 
pigment. Our results do not show this. The flattening of the 
curve is detectable only in severe anemia. Curves of blood con- 
taining 80 per cent of hemoglobin may have as steep a slope as 
those with 120 per cent (1). Careful measurements of the curves 
have failed to disclose any exact relation between the two phe- 
nomena. In this respect our curves are not in accord with those 
of Hasselbalch, who found the slope of the curve to vary directly 
with the percentage of hemoglobin. The most striking relation 
between the factors was apparent at low tensions, below those at 
which most of our curves were constructed. Hasselbalch’s 
curves indicate that the blood of severe anemia does not lose all 
its CO. at 0 mm. of CQO, tension. If this should be true, the 
extrapolations, the dotted portions of the curves in Fig. A, may 
be misleading. — 

In our data there is no exact relation between the percentage 
of hemoglobin and the slope of the absorption curve. Other 
factors must exert an influence. What these factors may be is, 
for the present, a matter for speculation only. In anemia plasma 
constitutes a large proportion of the total blood volume. Under 
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these circumstances the influence of the serum proteins upon the 
slope of the curve may vary in the different bloods studied. 
Straub and Meier (14) presented a plasma curve from a patient 
with polycythemia which differed from the normal and indeed 
resembled the curve of normal whole blood. It is possible that 
differences in color index, variations in the relation of the number 
of red blood cells to the percentage of hemoglobin, may exert 
some influence upon the shape of the curve. The curve of E. S. 
indicates that this factor is not of great importance. Although 
the blood of E. S. contains 4,000,000 red blood cells per cubic 
millimeter, the curve is as flat as that_of the blood of A. B. with 
1,500,000 red blood cells. 


TABLE II. 
Subject. pee = 
vol. per cent 
MBS IVE. So cidcecs ain 05 » alee He leita nelapleoeee ee a ee en 58.4 
1 Bp) Fe a 9 ee ee MOLE aga eS Es Or er Wee ell Rc. 49.2 
Opel aa A an err Per en en aS oc; - 53.0 
PAVAES Ses 3.0 ae Susub Bn Sie Fins ia ae Le ee 60.0 
54.2 
SIS Seat see oo 5 Cok SNS oss RLU See a ee 47.0 
OR Se ne tn RR Peter ee es iG miss, - 69.0 
INDE Es  s cnt ec ease ae a eee ee eS 
IAVGEAL OS 5.4 5). Soo Rie as so oh Dee eae ori ec = si sis ae eee 56.5 
KE of normal /bloodsy23e8: 2). Sak 2 se eee 48.95 


* E. S., a nephritic with edema and reduction of plasma bicarbonate. 
Omitted in calculation of average. 


The slope of the curves of blood in anemia implies that at low 
CO, tensions the content of CO, will be relatively high. Further- 
more, in anemia, plasma constitutes a large proportion of the 
total blood volume. Per unit volume, plasma contains more 
alkali than the red blood cells. This also will have the effect of 
making the CO, content of the blood higher than that of normal 
blood. That the curve in anemia, however, is not invariably high 
is shown by the curve of the blood of E. §., a chronic nephritic, 
whose alkali reserve, measured by the pling method of Van 
Slyke, was diminished. The CO, content of the blood at the 
physiologically important tension of 40 mm. is shown in Table II. 
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The difference between the CO, content of arterial and venous 

blood in the three cases studied is much smaller than is usually 
observed in normal individuals. 
_ Probably the chief physiological significance of the flat absorp- 
tion curve of blood in anemia is the information which it gives 
concerning the combining power of blood between any two CO, 
tensions. A flat curve expresses diagrammatically the fact that 
the blood which it represents will combine with less CO, for a 
given rise in CO: tension and will lose less CO: for a given fall in 
tension. 

The comparatively low combining power of blood in severe 
anemia between the tensions of 40 and 60 mm. is represented in a 
roughly quantitative way in Table III. 


TABLE III. 
Subject. COz nent at Cos comer at Difference. 
vol. per cent vol. per cent 

IBS IW lal eee eee 58.4 63.6 5.2 
(Gs 12 Se aenae 53.0 58.8 5.8 
122. 1B Lele oh eee gaa 49.2 55.9 6.7 
JN, B03 Gee eee ae 60.0 66.0 6.0 
54.2 58.7 4.5 
10 {S. 56ce ees 47.0 SL 2f 4.7 
ONS ne et Na ee 69.0 74.0 5.0 
Ns 1362 G6 eee eee 51.5 58.4 6.9 
Peete CCIM CTCNCE: o."yiecte sc hes Dec Sk eanon ee hee ellos oe 5.6 
ss normal ditierence.. 2.2.0 ne ee eee ease 6.8 


The decreased power of the blood in anemia to absorb or dis- 
sociate CO. with varying CO, tensions implies that changes in 
hydrogen ion concentration will be greater for each shift in 
tension. This is shown diagrammatically in Fig. A by the rela- 
tion of the flat curves of anemia to the diagonal pH lines. The 
actual changes in hydrogen ion concentration between arterial 
and venous blood within the body are, however, influenced by 
other factors. The curves of blood in anemia are higher than 
the normal. This tends to lessen the effect of the flat curves 
upon hydrogen ion concentration, a fact indicated in the charts 
by. the divergence of the pH lines as they pass from the origin. 
At 40 volumes per cent of CO, the pH 7.30 and 7.40 lines are 
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separated only about 4 mm. of CO, tension. At 60 volumes per 
cent this difference has increased to 10 mm. of CO, tension. This 
attempt at compensation is, however, counterbalanced by the 
reduction of the effect of oxygen on the curve. It will be remem- 
bered that the curves of Fig. A are those of blood containing 
oxygenated hemoglobin. The curve of reduced blood is always 
higher than that of the same blood fully oxygenated. Since the 
hemoglobin of venous blood is partially reduced, the venous 
points are not correctly represented on the curves of Fig. A, but 
should lie on a higher curve. If, as was indicated in Paper I of 
this series, the effect of oxygenation or reduction of the blood 
upon the height of the CO. absorption curve is a direct function 
of the hemoglobin, it is evident that the effect of oxygen unsatu- 
ration on blood from anemia will be less than on normal blood. 
The complete oxygen unsaturation of a blood with 25 per cent 
hemoglobin will increase the height of the absorption curve no 
more than will a 25 per cent unsaturation of a blood with 100 per 
cent hemoglobin. The net result of these various factors upon 
the changes in hydrogen ion concentration between arterial and 
venous blood is shown in Charts 14 to 17 and in Column 16 of 
Table IV. In spite of the small difference in carbon dioxide 
content between arterial and venous blood there is a consider- 
able difference in pH, amounting in Cases 15 and 17 to 0.07. 
This is partly due to the diminished slope of the absorption curve, 
but even more to the loss of the oxygen effect. ven complete 
oxygen unsaturation cannot compensate a carbon dioxide change 
of more than 1 volume per cent in a subject with only 25 per cent 
hemoglobin. 


Carbon Dioxide Tension and Hydrogen Ion Concentration of the 
Arterial and Venous Blood. 


The hydrogen ion concentration of the arterial blood in the 
three cases studied lies at or above pH 7.34, in Case 15 (Chart 15) 
as high as 7.47. Means and coworkers (16) have also found the 
arterial pH quite high.» In Case 17 (Chart 17) the alveolar 
carbon dioxide tension is correspondingly low, giving an alveolar 
pH of 7.50. In another case of anemia Means found the alveolar 
pH to be 7.48. This would indicate a tendency toward an arterial 
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alkalosis and a ventilation somewhat in excess of that which 
should be expected from the height of the absorption curve. 

Although the arterial pH is in general rather high, the venous 
pH falls surprisingly close to the 7.35 line. In the four instances 
in which we have sufficient data to calculate the corrected venous 
pH the limits of variation are 7.32 to 7.38. In Means’ case and 
our Case 19 it is also evident that the venous pH must be much 
closer to the average normal than is that of the arterial blood. 
Of course this may be due only to a peculiar coimcidence, but it 
appears too frequently to pass without speculation. 

It is generally stated that the respiratory center is controlled 
by the hydrogen ion concentration of the arterial blood and, in 
turn, responds in such a way as to maintain the arterial hydrogen 
ion concentration constant. It seems more probable, however, 
that the true controlling factor is the reaction of the tissue fluids. 
in the respiratory center. Presumably this reaction is depend- 
ent upon carbon dioxide tension, just as it is in the blood. The 
carbon dioxide tension of the tissues must, however, always. 
exceed that of the arterial blood and must, during the greater part. 
of the circulation at least, be higher than that of the venous blood. 
In general it must be much closer to that of the venous blood. 
If the general tendency of the respiratory mechanism, then, is to 
maintain the pH of the tissue fluids in the respiratory center 
constant, one should expect the pH of the venous blood from the 
center to remain constant rather than that of the arterial blood 
which passes to the center. 

This is not apparent in normal persons because, with a normal 
concentration of hemoglobin, the effect of oxygen on the carbon 
dioxide absorption curve renders the pH of arterial and venous 
blood practically identical. 


DISCUSSION. 


The influence of these factors upon the mechanism of respira- 
tion is apparent. The amount of CO, carried from the tissues 
for each change in tissue tension is less than normal. Unless the 
blood flow is increased, this will tend to result in accumulation of 
CO: within the tissues. With ‘each increase in CO, tension, the 
hydrogen ion concentration rises with relative rapidity. Further- 
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more, the same difficulty which the blood has in absorbing CO: 
from the tissues is experienced in dissociating it in the lungs. 
For a given fall of tension the blood of anemia will dissociate less 
CO, than normal. Unless the ventilation is increased the CO: 
will tend to accumulate in the arterial blood and a vicious circle 
will be established. There is present in severe anemia a tendency 
to accumulation of CO, in the tissues, a diminished ability of the 
blood to lose COz in the lungs, and a relatively rapid change in 
hydrogen ion concentration with any change in the CO; tension, 
all factors which tend to excite the respiratory center and pro- 
duce dyspnea. 

It is not surprising, therefore, to find that in severe anemia 
hyperpnea is present. It is probably not necessary to draw a 
causal relation between dyspnea and oxygen want even though 
the presence of the latter should be established. In regard to the 
question of oxygen consumption, however, the findings here pre- 
sented suggest an interesting possibility. Barcroft (17) found 
that in vitro the last portions of oxygen were separated from 
hemoglobin with great difficulty. It is here shown in Cases 14 
and 15 that the last bit of oxygen can be removed during the 
passage of the blood through the tissues. This has been shown 
previously by Lundsgaard (18) and others. Barcroft also found 
that the last portions of oxygen were more readily given off if the 
hydrogen ion concentration of the solution was increased. It 
seems possible that the more rapidly changing hydrogen ion 
concentration of the blood of severe anemia may explain why the 
last portions of oxygen can be freed during the comparatively 
brief interval of the passage of the blood through the tissues. 


CONCLUSIONS. 


1. The CO, absorption curves of blood from six patients with 
severe anemia have been studied. They have been found to 
have a flatter slope than have the curves of normal blood. 

2. This is explained in part by the low percentage of hemo- 
globin. The flatness of the curves, however, is not exactly pro- 
portional to the diminution in the percentage of hemoglobin. 

3. The blood of severe anemia has a diminished power of 
absorbing or dissociating CO. with changes of CQO, tension. 
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Absorption of CO, from the tissues or loss of CO, from the lungs 
is probably accomplished with difficulty. 

4. In three cases the hydrogen ion concentration of the arterial 
blood was determined and found to be relatively low, the pH 
being as much as 7.47 in-one instance. 

5. The venous pH was surprisingly constant, varying in four 
cases between 7.32 and 7.38. { 

6. In spite of the relatively small difference in carbon dioxide 
content between arterial and venous blood, the corresponding 
difference in pH is considerable, reaching 0.07 in two cases. This 
is due to the flat absorption curve and the loss of the compensat- 
ing effect of oxygen unsaturation. 

7. In severe anemia changes in CO, tension produce relatively 
small changes in CO, content and relatively great variations in 
hydrogen ion concentration. The fault in the CO.-carrying 
power and the greater changes in hydrogen ion concentration 
may explain the dyspnea of anemia. 
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EXPLANATION OF CHARTS. 


CuHart 14, 


Case 14. R.H. Gastric carcinoma with severe anemia. Female, age 
44 years, married. Looks chronically ill. Somewhat irrational. Well 
nourished, but shows some evidence of loss of weight. Skin pale and 
yellowish. Lips pale, with slight cyanotic tinge; similar cyanotic tinge 
in finger-nails. No signs of dyspnea or hyperpnea while at rest in bed. 

Lungs show few, crackling rales at bases, especially on left side. Heart 
not enlarged. Blowing, systolic murmur and soft, diastolic murmur, 
maximum over aortic area. Pulse soft, regular, rate about 90. Blood pres- 
sure: systolic 150, diastolic 40. X-ray examination showed a small effusion 
in left pleural cavity. Thoracentesis obtained a small amount of viscid, 
bloody fluid. 

Urine showed occasional trace of albumin, no casts. Specifie gravity 
1.010 to 1.018. 

Non-protein nitrogen of blood 43.5 mg. per 100 cc. 

Phenolsulfonephthalein excretion 25 per cent in 2 hrs. 

Temperature 100-102° F. 

Blood counts: ; 

June 5. Leucocytes 20,000; polymorphonuclear 80 per cent; lympho- 
cytes 5 per cent; large mononuclear 10 per cent; eosinophils 5 per cent. 

Erythrocytes 1,200,000. A few normoblasts, but no megaloblasts were 
found. 

June 10. Erythrocytes 2,400,000. 

Patient died in hospital and autopsy revealed the presence of gastric 
carcinoma. 

Experiment 1. June 10, 1920. 

CO, absorption curve: 


CO: tensions mm. (Bigs) © a. 4 inde 82.2 47.9 30.2 
COs, vbl. meritenicn.. came teens 60.1 51.9 46.0 
61.3 55.1 
CO, content of arterial blood, vol. per cent................ 50.9 
50.5 
COni, < “ venous “ EP Se 52.1 
53.4 
Difference between arterial and venous COs, vol. per cent.. 2.1 
O» capacity of blood (24 per cent hemoglobin) vol. per cent. 4.4 
O, content of arterial blood, vol. per cent.............+..+. 4.8 
Oz im = venous? (1% 66 NO OE tee tt nr 0.0 
O2 consumption of blood, vol. per cent.................005- 4.8 
O, saturation of arterial blood, per cent............ it, Siete 100 
Oz iy “venous “ EE es = 0 


Respiratory, quotient of blood yeeese- mace eee 0.44 


s s 


Volumes per cent CO, 
S 


DP: Barr and J. P. Peters, Jr. 


pH (AO) Shi ASO 725 
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CO, tension in mm. Hg 
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Cuart 15 anv 16. 


Case 15. Jas. M. Severe anemia (probably pernicious). Male, age 62 
years, married, fireman. Looks chronically ill. Complains only of pains 
in the stomach. Mentally sluggish and unable to give any information. 
Extremely weak. Vomiting greenish brown fluid, streaked with mucus, 
which contains much bile, 10 per cent acid, no free HCl, and many pus cells. 
Thin and emaciated, extremely pale. No signsof dyspnea or hyperpnea 
while at restin bed. Teethall gone. Lungsclear. Heartnormal. Pulse 
58 to 108. 

Blood counts: 

May 4. Leucocytes 6,200; polymorphonuclear 39 per cent; lympho- 
cytes 59 per cent; large mononuclear 2 per cent; erythrocytes 700,000. 

May 6. Leucocytes 2,400; polymorphonuclear 50 per cent; lympho- 
cytes 42 per cent; large mononuclear 2 per cent; erythrocytes 700,000; a 
few normoblasts and megaloblasts found. 

May 8. Leucocytes 3,000; polymorphonuclear 55 per cent; lymphocytes 
43. per cent; large mononuclear 2 per cent; erythrocytes 1,900,000; many 
megaloblasts and a few normoblasts found. 

Patient received a transfusion of 630 cc. of citrated blood on May 7. 
During the night his temperature rose to 103° F., his pulse became very 
weak, and his respirations shallow and labored. He died at noon the next 
day. Blood grouping had been carried out with care and no evidence of 
hemolysis was found. 

Experiment 1. May 5, 1920. 

CO, absorption curve: 


CO. tension, mm. Hg....... 39.8 9.1 38.3 78.4 
COs. volsiperncenia eee 58.1 45.6 57.7 67 .4 
59.7 45.6 57.6 65.9 
CO, content of arterial blood, vol. per cent...............+. 57.9 
57.3 
co, ~“ “venous “ BE ee Sale. dels aan 61.1 
61.3 
62.2 
Difference between arterial and venous COs, vol. per cent... 3.9 
©; capacity of blood; vols perscent....-.. -=-- eee 3.4 
3.3 
O: content of arterial. blood, vol. per cent..............+.0:: 2.9 
O» -s “venous “ i MEE us 0.5 
Oz-consumption, vol. percent... 4..+-2-..-5es 2 2.4 
Oz saturation of arterial blood, per cent..3.... -.. 0 seer 87 
Os ¥ “venous “ 6S eos ol 15 
Respiratory quotient of blood.....:27....2. -: ... +... 1.62 


Case 16. E.S. Chronic nephritis with severe anemia. Female, age 21 
years, married, housewife. Acutely ill. Fairly well developed and nour- 
ished. Very pale. Sitting up in bed, with dyspnea, orthopnea, and slight 
cyanosis. Moderate edema of feet and legs. Lungs show signs of fluid in 
both pleural cavities. Heart somewhat enlarged, without murmurs. Rate 
96. Blood pressure: systolic 190, diastolic 115. Temperature normal. 
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Urine shows very heavy cloud of albumin, with many casts, many red 
blood cells, and some pus. Specific gravity 1.006 to 1.011. 

Non-protein nitrogen of blood 165 mg. per 100 cc. 

Phenolsulfonephthalein excretion about 5 per cent in 2 hrs. 

Blood count: 

Mar. 2. Leucocytes 19,200; polymorphonuclear 82 per cent; erythro- 
cytes 4,200,000. 

Experiment 1. Mar. 3, 1920. 

CO, absorption curve: 


COs tensionwmnt. Hg...) 5 ss.220S8sc8 30.5 53.6 6.4 
COs valmemcent... ..0sifo.. 28s be eck 44.8 50.7 30.0 
B21 33.2 
CO: content of venous blood, vol. per cent.................- 46.8 
46.8 
CO: capacity of venous plasma (33.8 mm. Hg), vol. per cent.. 49.1 
Qz content of venous blood, vol. per cent..............00008: 3.7 
3.7 


Experiment 2. Mar. 5. 
Oz» capacity of venous blood (35 per cent hemoglobin), vol. per 


DEE SPREE EA Fars Pee en Pate oes 8 Oe RG Old buna GERD ne Oo Sal 6.5 
O. content of venous blood, vol. per cent.................... a1 
Orsapuration oL venous plood) pencentessee nets oe ee 48 
pH 150 745 740 739 730 
LEER EEE reyter i Hus Tas 
es $3 
0 
” : : 
g S is 
e 
oO - 
Lo) 4 
$ 40: 
(Se ii iH 
2 = gies ea 
te) 2: 3 
5 i ett Hf = 
(oe) $3: tS s# of: ee 
P : : ane 
1) z : ze : -- it : 
ee 
0 oe 20, a 0 eens ei 
CO, tension in mm. Hg 
CuHart 15 anp 16. 1. Case 15. 
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Cuart 17. 


Case 17. C. P. Pernicious anemia. Male, age 55 years, single, stable 
worker. Looks chronically ill. Very weak and emaciated. Extremely 
pale, with lemon-yellow tinge. Some retinal hemorrhages. No signs of 
dyspnea or hyperpnea while at rest in bed. No cyanosis. Lungs clear. 
_ Heart not enlarged. Blowing, systolic murmur at apex. Pulse regular, 
90 to 100. Blood pressure: systolic 145, diastolic 60. Temperature 100- 
102° Bh: 

Blood counts: 

May 24. Leucocytes 3,000; polymorphonuclear 50 per cent; lympho- 
eytes 48 per cent; large mononuclear 2 per cent; erythrocytes 700,000. 
Many normoblasts and megaloblasts found. 

_June 2. Polymorphonuclear 60 per cent; lymphocytes 25 per cent; 
large mononuclear 14 per cent; eosinophils 2 per cent; erythrocytes 
1,100,000; many normoblasts and megaloblasts found. 

periment 1. May 28, 1920. 


Alveolar CO:2 before arterial puncture, mm................ 28.3 
27.8 
% CO, after % © fon ete 28.6 
CO, absorption curve: : 
(N's TENSION. II LG sew oe eats 93.1 46.8 24.0 
OO , vols per Cent 2 eee eee ne es 63.0 55.6 47.3 
64.6 55.9 48.3 
CO> content of arterial blood, vol. per cent................ 52.2 
51.6 
CO, 4 2 Venous) ) << OF Sen 55.2 
54.5 
Difference between arterial and venous COs, vol. per cent.. 2.2 
@> eapacity of blood, vol. per-cent. ..............2.seeee 4.3 
O: content of arterial blood, vol. per cent..............+++. 4.4 
O» ee “ venous 66 Ee EO. lL eas 1.6 
@Oxconsumption, vol: penicentcs eco: . 312) ee ee 2.8 
@2 saturation of ‘arterial blood, per cent... <2... 725. 5-5 ene 100 
O2 ‘s “venous “ HE eee discs 5 er 37 


Respiratory quotient of-blood.................+-.79nee 0.79 
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s 


Volumes per cent C02 


CO, tension in mm Hg 
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Case 18. N.B. Pernicious anemia. Female, age 53 years, married, 


.servant. Looks chronically ill. Fairly well nourished and developed, but 


flabby. Pale, lemon-yellow color. Small hemorrhagic spots in roof of 
mouth, retinal hemorrhages, and purpuric spots on extremities. No dys- 
pnea or visible hyperpnea while patient is at rest in bed. Lungs clear. 
Heart slightly enlarged to the left with a soft systolic murmur and accen- 
tuation of the pulmonic second sound. 

Gastric contents show no free HCl, total acid 25 per cent, no biood. 
Stools show no gross or occult blood. Gastrointestinal examination by 


means of x-ray reveals a prepyloric filling defect persisting throughout 
examination, but no definite evidence of carcinoma. 


Temperature varied between 99 and 103. Pulse about90. Urine showed 


occasional trace of albumin and a few granular casts; specific gravity 1.006 
to 1.015. 
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Blood counts: 
Mar. 11. Leucocytes 5,600; polymorphonuclear 40 per cent; erythro- 
cytes 2,200,000; no nucleated red blood cells. 
Mar. 17. Erythrocytes 2,700,000. 
Experiment 1. Mar. 15, 1920. 
CO: absorption curve: 


CO; tension, mm. Hg::.....:....... 71.9 fe | 42.2 
OS IPOLAUOE CONE: os cc: oes ae 63.5. » S60 eesees 
63.2 32.3 53.0 
CO. content of venous blood, vol. per cent................-. 60.1 
CO: capacity of venous plasma (45.4 mm. Hg), vol. per cent.. 66.0 
Oz a3 “blood (54 per cent hemoglobin), 
UB PEF CONE. o0.05 5 sis: 5 case a ees Pee ER ee 10.1 


9.6 

Case 19. A.B. Pernicious anemia. Female, age 47 years, single, house- 
wife. Looks chronically ill. Slightly emaciated, very pallid, with lemon- 
yellow color. Petechial hemorrhages on hard palate. No signs of dyspnea 
or hyperpnea while lying quietly in bed. Thyroid distinctly enlarged. 
Lungs clear. Heart slightly enlarged to left, with soft, systolic murmur 
at base, not transmitted. Pulse rapid. Spleen not felt. 

Gastrointestinal x-ray examination reveals no evidence of new growth. 
Urine shows moderate amount of albumin, no casts. Specific gravity 
1.015 to 1.021. Temperature 99-102° F. 

Blood counts: 

Mar. 16. Erythrocytes 1,500,000. 

Apr. 1. Erythrocytes 1,000,000. 

Experiment 1. Mar. 16, 1920. 

CO: absorption curve: 


0; tensionyimm. Hasso 2 wi - ose 80.4 46.3 18.0 
Os, DOL. Her cent. cesses scee eee 70.0 6456) Sars 
60.9 
CO2 content of venous blood, vol. per cent................--- 63.8 
64.0 
CO. capacity of venous plasma (47.5 mm. Hg), vol. per cent.. 69.1 
O2 i “ blood (26 per cent hemoglobin), vol. per cent. 6.2 
5.8 


Case 20. G. A. Gastric carcinoma with anemia. 
Experiment 1. Mar. 22, 1920. 
CO, absorption curve: 
COs: tension, mm. Hg.............-. 61.0 25.8 eaaes 
COsnwol. per cent Ach eee ana . 74.6 61.4 69.8 
Oz capacity of blood (53 per cent hemoglobin), vol. per cent. 9.9 


ON A POSSIBLE ASYMMETRY OF ALIPHATIC DIAZO 
COMPOUNDS. 


By P. A. LEVENE anp L. A. MIKESKA. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, December 31, 1920.) 


In 1915 Levene and La Forge made an observation which 
pointed to the formation of a diazo compound as an intermediary 
phase in the process of transformation of glucosaminie acid ethyl 
ester into anhydro-manonic ethyl ester.!:? This observation 
brought forth the possibility of asymmetry in the a-carbon atom 
of the diazo compounds of the sugar acids. Since it was known 
that also esters of aliphatic a-amino-acids on treatment with 
nitrous acid were convertible into optically active oxy-acids, and 
since it was known that under certain conditions the treatment of 
the amino-acids resulted in the formation of aliphatic diazo esters, 
it seemed to the authors possible that also in the latter there 
existed an asymmetry. In 1916, Levene and Senior undertook 
to test experimentally the existence of optical isomerism in the 
aliphatic diazo compounds. The work was interrupted because 
of the conditions of war, Dr. Senior. having accepted a commission 
in the Chemical Warfare Service. The work was resumed in 
September, 1920, by the present writers. In November there 
appeared a publication by Marvel and Noyes* on the subject of 
the present article. The experimental results reported by these 
writers were negative. 

Our own work is not yet completed, but in view of the just 
mentioned publication we wish to record results which point 
favorably towards the possibility of asymmetry in these diazo 
compounds. 


1 Levene, P. A., and La Forge, F. B., J. Biol. Chem., 1915, xxi, 345. 
* Levene, P. A., J. Biol. Chem., 1918, xxxvi, 89. 
3 Marvel, C. S., and Noyes, W. A., J. Am. Chem. Soc., 1920, xlii, 2259. 
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Dextro aspartic acid was converted into diazosuccinic acid 
ethyl ester. It was found possible to purify the ester by frac- 
tional distillation under a pressure varying from 0.08 to 0.12 mm. 

The analytical data of the samples are given in the following 
table. 


“aN Impurity. [a], 
per cent per cent 
Experiment 1. 
BMS GAC ULOW: ot)... <5 tickers oe case 10.06 30.0 +1.27 
SECON? eae. ceeicn Ue ant eies ae 13.68 5 +1.25 
AR civliys Rt Rene reer. ans ale 14.10 0 +1.34 
Experiment 2. 
HITSuPLEAChLON: -. Nae cyano senior ener Ane 
DBeGOnd: ' "Sviratonee oa ek SOD ae 13.64 275 
ee hird er Se. esc eee a ee ae eee 1383535" 5 
Second and third fractions redistilled. 
iTstiiraction:. i h:bo8 aca. Seer eee 13.76 Ne 7 
DECOR (+. 23a.) Br gipeeaee ee see 13.64 re aoe 
Experiment 3. 
BarstuteactiOn so ses.c2e np eee ere ; 
SECOMGM “ft. py tae te ae eae ae nee 13.64 225 +1.00 
eihircdase °°" ORES ies Alb Gian Ren eee hth 14.20 0 +0.85 


The theory for CgsHi,:04Ne2 requires N = 14.02 per cent. 


The accuracy of the analytical method was tested on the crys- 
talline diazosuccinic acid monoamide monoethyl ester and on 
diazoacetic acid ethyl ester. 

The impurity of the highest optical activity that could be pres- 
ent in our material is d-malic diethyl ester. The optical rotation 
of this ester is [a]? = +10.18. It would require the presence of 
from 8 to 13 per cent of the latter compound if the rotation of our 
samples were brought about by impurities and not by the diazo 
compound. Impurities of such proportions could not have 
escaped detection by the analytical method employed in this work. 

On hydrolysis of the diazo esters, optically active material was 
formed with a magnitude of rotation which did not differ essen- 
tially from that of the original material. 

The details of the experiments will be reported in a subsequent 
communication. Further work is in progress. 
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